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ABSTRACT 

VLSI  package  development  continuously  demands 
new  packaging  technology  to  accommodate  high  signal 
transmission  speed,  high  wiring  density  and  high 
frequency  pulse  requirements  for  a  substrate.  Especially 
for  the  high  signal  transmission  speed  requirement,  it  is 
necessary  to  develop  a  low  dielectric  constant  material. 

Therefore,  a  low  dielectric  constant  new  glass-ceramic 
material  system  was  developed,  whose  thermal  expansion 
coefficient  and  flexural  strength  could  be  improved.  This 
material  system  consists  of  quartz  glass,  cordierite  and 
borosilicate  glass.  The  advantages  are  summarized  in  the 
following, 

(1) This  material  system  can  be  sintered  at  below  lOOO'^C 
,so  it  is  possible  to  use  low  electrical  resistivity 
conductors,  for  example,  Au,  Ag,  Ag-Pd  and  Cu  as  signal 
lines  and  interconnections. 

(2) The  low  dielectric  constant  can  be  realized  in  the  3.9  to 
4.7  range. 

(3) The  thermal  expansion  coefficient  can  be  controlled  to 
match  that  for  the  carried  chips. 

(4) The  flexural  strength  (2000  kg/cm^)  is  relatively  high. 

By  using  the  green  sheet  lamination  technology,  this 

low  dielectric  constant  multilayer  glass-ceramic 
substrate  with  Ag-Pd  wiring  was  developed  ,  which  can  be 
applied  to  the  high  speed  VLSI  multi-chip  packaging 
substrate. 

INTRODUCTION 

Recently  multilayer  ceramic  substrates  have  been 
developed  for  VLSI  packaging.  Due  to  the  increase  in 
switching  speed  and  circuit  density  in  VLSI  chips,  higher 
signal  transmission  speed  and  wiring  densities  are 
required  for  a  multi-chip  substrate.  In  order  to 
accommodate  the  high  wiring  density  requirement,  a  low 
firing  temperature  multilayer  glass-ceramic  substrate 
with  Au  and  Ag-Pd  wiring  has  already  been  realized.^^’ 
On  the  contrary,  for  the  high  signal  transmission,  speed 
requirement,  it  is  necessary  to  develop  a  low  dielectric 
constant  material,  because  propagation  delay  time 
depends  a  great  deal  upon  the  dielectric  constant  of  a 
substrate. 

So  low  dielectric  constant  glass-ceramic  materials 
have  been  developed.*^’  These  materials  are  composed  of 
quartz  glass  /borosilicate  glass{BSG)-l  and 
cordierite/BSG-2,  which  can  be  sintered  at  around  900''C. 
Dielectric  constants  are  3.9  and  5,0,  respectively,  at 
IMHz.  As  a  result  of  investigation  on  basic  pulse 
transmission  properties  for  various  multilayer 
configurations,  it  was  realized  that  the  propagation  delay 
time  decreases  due  to  a  lower  dielectric  constant  for  the 
substrate. 

Besides,  as  an  important  property  for  the  packaging 
substrate  except  the  dielectric  constant,  the  thermal 
expansion  coefficient(TEC)  must  be  considered.  Increases 
in  wiring  density  require  direct  bonding  of  the  large  chip 
carrier  to  the  substrate.  If  TEC  is  not  compatible,  the 
semiconductor  will  be  damaged  b}^  the  thermal  stress.  It 


is  desired  that  TEC  for  the  substrate  be  as  close  to  that  for 
the  chips  as  possible.  However, TEC  for  quartz  glass/BSG- 
1  is  very  low  (15X10“Y®C)  because  of  quartz  glass.  On 
the  contrary,  TEC  for  cordierite/BSG-2  is  very  high 
(72X  10~'^/°C)  because  cristobalite  is  formed  by  the 
crystallization  of  BSG-2.^^’  It  is  necessary  to  improve 
these  low  dielectric  constant  materials  towards  the 
optimum  TEC. 

Also  the  flexural  strength  is  an  important  factor  for 
the  packaging  substrate.  Fabrication  and  assembly 
processes  for  the  VLSI  package  demand  the  development 
of  a  substrate  material  whose  strength  is  as  high  as 
possible. 

This  paper  describes  the  low  dielectric  constant  new 
glass-ceramic  material  system  ,  whose  TEC  and  flexural 
strength  are  improved.  This  multilayer  ceramic 
substrate,  with  Ag-Pd  wiring,  was  achieved  by  using  the 
green  sheet  lamination  technology. 

MATERIALS  AND  PROCESS 

The  low  dielectric  constant  new  glass-ceramic 
material  system  consists  of  quartz  glass,  cordierite  and 
BSG-1.  The  original  powder,  the  composition  and  the 
particle  size  distribution  have  a  great  influence  upon  the 
substrate  properties.  BSG-1  has  low  dielectric 
constant, but  doesn't  crystallize  when  Si02  and  B2O3 
contents  are  controlled  appropriately.  The  composition  of 
the  quartz  glass/  cordierite/BSG-1  composites  is  shown  in 
Fig.l.  Each  powder  is  ground  in  a  ball  mill  to  control  the 
optimum  particle  size  distribution. 

A  slurry,  consisting  of  the  mixed  powders  and  vehicles, 
was  cast  into  green  sheets  by  a  conventional  slip  casting 
process.  The  green  sheets  were  laminated  together  by 
press  machine.  These  press  conditions  are  important  to 
control  substrate  shrinkage  and  flatness.  After  the 
organic  binder  burn  out,  sintering  was  performed  at  the 
optimum  temperature  in  air. 


F4;.l  Quartz  glass  /  cordierite  /  BSG-1  composite  composition 
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RKSULTS  AND  DISCUSSIONS 

''<r  1  Dffocton  Sinterability 

set  the  optimum  BSG-1  content  in  the 
t''  dnss  /  cordierite  /BSG-1  composite,  the  composites 
^?'na*rability  was  examined. 

^^^Fieure  2  shows  the  relationship  between  sintering 

•  mperature  and  BSG-1  content.  The  sintering 
"^mperature  is  defined  as  the  temperature  at  which  the 
bulk  density  agrees  with  the  apparent  density,  that  is,  at 

•  •hich  open  pores  become  extinct.  The  sintering 
•'^»*merature  for  the  composites  has  a  specific  relation 
wiVh  BSG-1  content,  regardless  of  quartz  glass  /cordierite 
•oatent  ratio.  Therefore,  the  sinterability  is  chiefly 
mhuenced  by  the  softening  fluid  property  of  glass.  In  case 
no  crystallization  occurs  in  glass  which  is  added  as  a 
wintering  aid,  the  softening  fluid  property  it>  uuiinl^ 
•^»'er:nincd  by  the  softening  temperature,  the  particle 
-ire  distribution  and  the  content  in  the  composite. 

^  The  composite  microstructure  was  in  more  detail 
)hserved  using  SEM.  Typical  photographs  of  the  polished 
surface  are  shown  in  Fig. 3.  Figure  3(A), (B)  and  (C) 
represent  the  microstructure  for  the  composite  prepared 
under  the  conditions  below  the  line,  on  the  line  and  above 
the  line,  respectively,  in  Fig.2.  In  Fig.3(A),  incomplete 
^nfiening  fluid  property  of  glasses  causes  the  open  pores 
t.i  remain.  As  seen  in  Fig.3(B), 

.rcn  pores  become  extinct.  As 
rig. 3(0;  indicates  ,very  few 
pore  remain.  The  open 

•  existence  is  deleterious  to 
reiiaoiiiiy  for  the  substrate 
.r.ateriai.  So,  it  is  necessary  to 
.(*:ept  the  conditions  existing  in 
:;;t‘  regions  above  or  on  the  line 
.a  Fig.2.  Considering  the 
:;ecossity  that  the  composites 
mu.st  be  sintered  at  around 
‘•mV'C  .  the  optimum  BSG-1 

•  aient  in  the  quartz  glass, 

•■;rriierite  and  BSG-1  composite 
nas  been  fixed  at  65  wt%. 

(A)  Bdow  the  line  in  Flg.2 


Fig 


BSC -I  CONTENT  (  \ve%  ) 

.2  Robtionsliii)  between  sintering  temperature 
and  BSG-1  content 


(B)  On  the  line  in  Flg.2  (c)  iUmve  the  line  b 
Fig.3  SEM  photographs  of  polished  qnarti  glass  /  cordierite  /  BSG-1  conqiosite  snrihee 


XRD  -  o  \aegj 

patterns  For  cordierite  powder  and  the  sintered 

H  iinz  gia.ss  /  cordierite  /  BSG-1  composites 


Quartz  Glass/Cordierite  Content  Ratio  Effect  on  Typical 
Substrate  Properties 

Next,  to  set  the  optimum  quartz  glass/cordierite 
content  ratio  in  the  composite,  the  dependence  of  each 
substrate  property  on  the  cordierite  content  was 
examined.  Before  describing  these  results,  consider  the 
X-ray  diffraction(XRD)  patterns  for  cordierite  powder  and 
the  sintered  body  of  the  quartz  glass,  cordierite  and  BSG- 
1  composites,  as  shown  in  Fig. 4.  Taking  into 
consideration  that  there  are  no  diffraction  peaks,  except 
for  cordierite,  in  the  sintered  body,  there  is  no  cristobalite 
formation  by  Si02  crystallization  and  precipitation  of  a 
new  compound  by  the  reaction  between  components  in  the 
composite.  Consequently,  it  is  estimated  that  the 
composite  has  a  very  simple  mixing  state. 

(l)Thermal  Expansion  Coefficient 

Figure  5  shows  the  relationship  between  average 
thermal  expansion  coefficient(TEC)  (R.T.^250°C)  and 
cordierite  content.  As  mentioned  above,  the  BSG-1 
content  is  constant  at  65wt%.  So,  the  cordierite  content 
can  be  variable  from  0  to  35wt%  and  the  remainder  is 
quartz  glass.  TEC  for  the  composite  can  be  controlled  in 
the  15  to  45X10"V°C  range,  depending  on  the  quartz 
glass/cordierite  content  ratio.  Accordingly,  almost  the 
AAjV./  as  Lliciu  IKfi  OltivOIi  Cltlpo  CG  ulci  be  realized  by  a 
composite  containing  around  20  wt%  of  cordierite  and  15 
c  /V  0 »  G  u  ?i  r  cZ  g  1  a  oS . 
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quartz  glass  content  (wt%) 

30  20  10  0 


Fig.5  Relationship  between  thermal  expansion 
coefficient  and  cordierite  content 


QUARTZ  GLASS  C^ONTEN'l’ 
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Fig,6  Relationship  between  dielectric  constant 
and  cordierite  content 


(2)DieIectric  Constant 

Figure  6  shows  the  relationship  between  dielectric 
constant(lMHz)  and  the  cordierite  content.  The  solid  line 
indicates  that  the  composites  fired  at  950°C  have  1% 
closed  porosity,  that  is,  very  dense  microstructure,  while 
the  broken  line  indicates  that  4%  closed  porosity  is 
introduced  into  the  sintered  body  of  the  composites  fired 
at  900°C.  It  is  well  known  that  the  introduction  of  pores  is 
very  effective  to  lower  dielectric  constant/"^’  Figure  7 
shows  the  relationship  between  dielectric  constant  and 
porosity  for  the  quartz  glass/BSG-1  composite.  These 
measured  values  are  in  fair  agreement  with 
Lichtenecker's  mixing  rule.  By  controlling  various 
conventional  fabrication  conditions,  for  example,  firing 
condition,  about  4%  closed  porosity  can  be  introduced,  as 
a  maximum.  However,  over  this  porosity  value,  open 
pores  unexpectedly  form  in  addition  to  closed  pores.  As 
mentioned  above,  the  formation  of  open  pores  is 
undesirable  for  the  substrate  material.  Consequently, 
determining  how  pores  are  isolated  is  an  important  point 
in  reducing  the  dielectric  constant.  At  present,  the 
dielectric  constant  for  the  composite  can  be  controlled  in 
the  3.9  to  4.7  range,  depending  on  the  quartz 
glass/cordierite  content  ratio  and  the  controlled  porosity. 
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Fig .7  Relationship  between  dielectric  constant  and 
porosity  for  the  quartz  glass  /  BSG-1  composite 


QUARTZ  GLASS  CONTENT  (wt%) 


(3)Flexural  Strength 

Figure  8  shows  the  relationship  between  flexural 
strength  and  cordierite  content.  The  presently  reported 
glass-ceramic  composites  have  a  homogeneous  structure 
with  evenly  dispersed  ceramic  particles  in  the  glass 
matrix.  Dispersed  ceramic  particles  make  a  contribution 
to  restrain  the  size  of  Griffith  crack^^^  and  promote  the 
propagation  energy  of  cracks,  so  the  mechanical 
properties  for  the  glass-ceramic  composite  are  improved 
in  comparison  with  simple  glass.  Moreover,  an  effective 
method  to  better  the  mechanical  properties  involves 
controlling  dispersed  particle  size  and  must  be 
considered.  Generally,  a  decrease  in  particle  size  causes  a 
reduction  in  the  maximum  crack  length,  that  is,  it  causes 
a  decided  improvement  in  the  flexural  strength  for 
ceramic  materials.'^*  The  results  indicated  b}^  the  broken 
line  in  Fig.6  can  be  obtained  by  using  finer  grinding 
powder  than  usual.  On  the  contrary,  an  increase  in  the 
cordierite  content  in  the  composite  brings  about  an 
improvement  in  the  flexural  strength.  Especially,  the 
cordierite/BSG-1  composite  has  2000  kg/cm^,  which  is 
sufficient  for  practical  use  as  a  substrate  material. 


30  20  10  0 


CORDIERITE  CONTENT  (wt%) 
Fig .8  Relationship  between  flexural  strength 
and  cordierite  content 
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New  Multilayer  Glass-Ceramic  Substrate  with  Low 
Dielectric  Constant 

As  a  result  of  the  above  investigation,  three  kind  of 
low  dielectric  constant  new  materials  were  applied  to 
multilayer  glass-ceramic(MGC)  substrates.  Typical 
properties  for  these  substrates  are  summarized  in  Table 
1.  Individual  substrates  have  the  following  outstanding 
characteristic. 

(1)  MGC  substrate,  composed  of  35wt%  quartz  glass  and 
BSG-1,  has  an  extremely  low  dielectric  constant(4.1), 
even  if  its  microstructure  is  very  dense.  Moreover,  due  to 
the  introduction  of  controlled  porosity  into  its 
microstructure,  that  value  can  be  lowered  to  3.9. 

(2)  On  the  contrary,  MGC  substrate,  composed  of  35wt% 
cordierite  and  BSG-1,  has  a  relatively  high  flexural 
strength  (2000  kg/cm^)  due  to  uniform  dispersion  of  finer 
ceramic  particles  in  the  glass  matrix. 

(3)  MG(^  substrate  composed  of  15wt%  quartz  glass, 
20wt%  cordierite  and  BSCj-1  has  almost  the  same  thermal 
expansion  coefficient(32X  10"^/°C)  as  Si  chips.  Besides, 
both  dielectric  constant(4.4)  and  flexural  strength  (1600 
kg/cm^)  are  the  average  value,  compared  with  the  other 
two  MGC  substrates. 

There  is  no  difference  in  sinterability  between  these 
substrates,  because  of  the  constant  BSG-1  content.  So, 
sintering  temperature  is  invariably  900°C  and  the 
relative  density  can  be  promoted  to  more  than  99%  by 
appropriate  control  of  glass  particle  size  distribution  and 
the  firing  condition. 

The  dielectric  properties,  except  dielectric  constant,  in 
other  words,  the  dissipation  factor  and  insulation 
resistance  are  also  favorable,  0.2%  and  >  lO^'^ohm’cm, 
respectively.  There  is  no  dielectric  constant  and 
dissipation  factor  dependence  in  the  IkHz  to  lOMHz 
frequency  range  for  every  MGC  substrate.  Shrinkage 
tolerance  and  flatness  for  the  new  MGC  substrates  can  be 
controlled  at  the  same  level  as  that  for  the  conventional 
MGC  substrate. 

Furthermore,  the  low  dielectric  constant  new  MGC 
substrates,  which  are  fabricated  by  co-firing  up  to  33  Ag- 
Pd  metallized  layers,  can  be  realized  on  that  test  pattern. 
Figure  9  shows  the  external  appearance  of  a  typical  new 
MGC  substrate  composed  of  15wt%  quartz  glass,  20wt% 
cordierite  and  BSG-1.  The  size  is  100  X  100mm. 

CONCLUSION 

Low  dielectric  constant  new  MGC  substrates, 
composed  of  quartz  glass,  cordierite  and  borosilicate 
glass,  where  cristobalite  crystallization  doesn't  occur, 
have  been  developed  by  green  sheet  lamination 
technology.  This  material  system  has  the  following 
excellent  characteristics. 


(1)  A  reduction  in  the  processing  temperature  to  below 
lOGO^'C  facilitates  the  utilization  of  low  electrical 
resistivity  conductors. 

(2)  The  low  dielectric  constant  can  be  realized  in  the  3.9  to 
4.7  range.  The  propagation  delay  time  can  be  reduced  by 
more  than  30%,  comparable  to  the  alumina  substrate. 

(3)  Almost  the  same  thermal  expansion  coefficient  as  that 
for  Si  chips  makes  it  possible  to  mount  the  large  size  chip 
carriers  on  the  package  directly. 

(4)  Relatively  high  flexural  strength  and  favorable 
dielectric  property  improve  the  substrate  material 
reliability  and  allow  practical  use  for  VLSI  packages. 

(5)  High  density  packaging  and  accurate  shrinkage 
control  can  be  realized  by  a  conventional  fabrication 
process. 

In  the  future,  this  low  dielectric  constant  new 
multilayer  glass-ceramic  substrate  with  Ag-Pd  wiring 
will  be  applied  to  the  high-speed  VLSI  packaging 
substrate  in  a  large  scale  computer  system. 
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Table  1  Typical  Low  Dielectric  Constant  MGC  Substrate  Properties 


Substrate  Property 

Quartz  Glass 

Quartz  Glass  / 

Cordierite  /  BSG 

/  BSG 

Cordierite  /  BSG 

Sintering  Temperature  (‘*0 

900 

900 

900 

Sintered  Density  (  g/cm’  ) 

2.17 

2.24 

2.33 

Dielectric  Constant  (  IMHz  ) 

4.1 

4.4 

4.7 

Dissipation  Factor  (  IMHz  ) 

0.002 

0.002 

0.002 

Insulation  Resistance  (Ocm) 
(50  V  D.C.) 

>10” 

>10” 

>10” 

Tlierma!  Expansion  Coefficieii! 

(XIO'V'^C) 

15 

32 

45 

Flexural  Strength  (  kg/cm*  ) 

1400 

1600 

2000 

Linear  Shrinkage  (  %  ) 

13.9 

14.6 

15.7 

Shrinkage  Tolerance  (  %  ) 

<0.3 

<0.3 

<0.3 

Camber  ( |jin/100inm  ) 

40 

20 

20 

Roughness  (  p  m  Ra  ) 

0.5 

0.4 

0.4 

MW  MGC  flvMtnte 
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ABSTRACT 

This  paper  discusses  the  manufacture  of  co-fireable  Copper  Multilayered  Ceramic  Substrates  utilizing 

green  tape  technology.  It  includes  the  results  of  our  development  substrate  materials  and  a  new 

manufacturing  process  for  the  Copper  Multilayered  Ceramic  Substrates  using  CuO  paste  as  a 

conductor.  Also  discussed  are  the  excellent  properties  and  a  superiority  of  our  development. 


INTRODUCTION 

As  a  way  to  realize  high  density  circuit 

boards,  we  developed  the  Copper  Multilayered 
Ceramic  Substrates  and  established  a  new 
original  manufacturing  process.  This  process 

is  most  similar  to  the  MLC  processes  except  that 
the  copper  oxide  paste  is  used  as  a  conductor, 

that  the  burnout  process  is  performed  in  the  air, 
the  reduction  process  is  carried  out  in  the 

nitrogen  atmosphere  containing  1  0  %  hydrogen  in 
which  copper  oxide  is  reduced  into  copper,  and 
sintering  is  performed  in  the  nitrogen. 

We  developed  two  types  substrate  materials, 

the  one  is  a  crystallizable  glass  which 
has  a  strong  flexural  strength,  another  one 
is  an  amorphous  glass  which  has  a  low 

dielectric  constant.  Combing  this  new  process 
with  these  substrate  materials,  we 

succeeded  in  developping  the  Copper 

Multilayered  Ceramic  Substrates  which  has 
excellent  properties  and  high  reliability. 


THEORETICAL 

In  our  manufacturing  process,  the  most 
particular  point  is  using  a  oxidation-reduction 
reaction.  The  calculation  was  carried  out  to 
lead  the  temperature  at  which  CuO  is 
reduced  to  Cu  in  the  reduction  process  from 
the  view  point  of  Gibbs’  free  energy. 

CuO  +  Ha  ^  Cu  +  HaO  AG 

If  idG  is  negative  at  a  particular  tempe¬ 
rature,  CuO  can  be  reduced  to  Cu  in  a 
hydrogen  atmosphere,  so  AG  was  calculated 
by  the  material  [  1  ]  ,  the  value  is  nearly  egual 
to  “  2  4  kcal  at  ^5  C .  this  result  ineans  that 
reduction  reaction  can  advance  at  even  a 
room  temperature  theoretically.  But  this  cal¬ 
culation  is  not  taken  into  consideration  of  the 
rate  of  reaction  and  is  assumed  infinite  reaction. 
As  a  result,  useful  data  can  not  be 
available  theoretically  from  this  calculation. 

Secondly,  differential  thermal  analysis  was 
carried  out  with  CuO  powder,  the  average  grain 
size  of  which  was  0.03  ii  m  and  3.0  ^  m ,  in  a 
nitrogen  atmosphere  containing  1  0  %  hydrogen. 
These  results  are  shown  in  Table  1 . 

The  results  of  this  analysis  indicate  that  the 


reduction  reaction  from  CuO  to  Cu  is  exothermic 
reaction  and  that  the  peak  temperature  of 
reduction  are  220 ‘’C  for  0.03  fim  CuO  powder  and 
3  0  0  ‘’C  for  3.0  m  CuO  powder . 


Table  1  DTA  Analysis  of  CuO  Powder 


Average  Diameter  of  CuO  Powder 

Exothermic  Peak  Temperature 

0.03  tim 

220  r 

3. 0  flm 

300  r 

EXPERIMENTAL 

MATERIALS 

(1)  Substrate  Material 

Among  the  performances  required  of  substrate 
material  are  fireable  in  a  nitrogen  atmosphere 
at  9  0  0  °C ,  excellent  mechanical  and  electrical 

properties.  The  firing  temperature  is 

preferable  to  be  below  the  melting  point  of 
conductor  materials,  because  breaking  circuit 
and  deformation  of  signal  pattern  should  occur 

for  firing  over  the  melting  point  of  conductor. 

The  firing  temperature  of  substrate  was  decided 
at  9  0  0  °C  so  that  the  melting  point  of  Cu  is  10  8  3 
"C  and  moreover  potential  of  the  multilayer 
substrates  with  interlayered  resistors  and 
capacitors  is  expected,  [2][3][4J  Two  types 
of  ceramic  compositions  are  shown  in  Table  2, 

and  a  .  photograph  of  their  co-firing  with 
inner  layer  conductors  is  shown  in  Fig.  1. 


Table  2 

Ceramic  Composition  for  Substrate  Materials 


Component  I 

A 

B 

SiO. 

27 

28.8 

Al.dt 

- 

io:8 

BiO> 

2.7 

0.6 

CO 

NaiO 

1.4 

- 

CO 

03 

K,0 

0.9 

0.6 

5 

CaO 

3.6 

4.8 

MgO 

1.4 

1.8 

BaO 

- 

3.6 

PbO 

8 

9 

Alumina 

55 

40 

Total 

100 

100 

5 


Fig.  1  Deformed  substrate  photograph  by 
Ceramic  composition  difference 

Fig.  1  reveals  that  substrate  of  type  B  has 
been  deformed,  while  type  A  has  no  deformation. 

Thus  the  adaptability  of  substrate  and  inner 
layer  conductor  is  greatly  influenced  by  ceramic 
composition  of  substrate.  f  5  ]  We  developed 

characteristic  two  types  ceramic  compositions  . 
The  one  is  a  crystallizable  glass.  we  called 
MKE  -  1  0  0.  which  has  a  strong  flexural  strength, 
its  main  crystalline  phase  is  0.3  5  NaAlSiiO#  — 
0.65  Ca.-XhSirO#  (  labradorite  )  and  a  solid 
solution  of  both  NaAlSiaOa  (  albite  )  and 

CaAliSizOu  (  anorthite  )  .  Another  one  is 

an  amorphous  glass,  we  called  MKE  —  2  0  0, 

which  has  a  low  dielectric  constant  and 
has  a  thermal  expansion  coefficient  near  Si. 

(2)  Vehicle 

Vehicle  is  used  to  form  the  ceramic  powder 
into  green  tapes.  The  needs  for  vehicles  are 
the  green  tape  casting  without  cracks,  uniform 
ceramic  powder  dispersion,  good  lamination 

property,  the  low  thermal  decomposition  tempera¬ 
ture.  These  characteristics  are  affected  by 

the  molecular  weight,  acid  value.  Tg.  molecular 
structure  of  the  polymer  respectively. 

The  thermal  decomposition  is  expected  by  the 

bond-dissociation  energy  between  the  two 
elements  of  each  molecule.  It  is  shown  in 

Table  3. 


Table  3  Bond-Dissociation  Energy 


Molecular  .Structure 

Bond' Dissociation  Enerpy 

4. 

H.C  -  CHtCH=Cn, 

310 

KJmol  ■ 

H,C  -  CH,CH=CH 

134 

KJmof ' 

HiC  -  CII. 

368 

KJmor' 

HiC  -  CH, 

402 

KJmol  * ' 

Table  3.  gives  that  the  molecules  with  acrylic 
acid  structure  have  the  small  bond-dissociation 
energy,  because  the  electrons  which  participate 
in  the  binding  of  the  corbon  which  is  located  at 
the  end  of  the  allyl-radical  (— CH  —  CH^CHz)  to  its 
first  neighbor  carbon  are  pulled  into  the  ally!  radical 
by  the  allyl  resonance,  so  that  the  bond-dissociation 
energy  is  decreased.  [  6  ]  The  acrylic  resin 
has  the  low  Tg  generally  and  the  convenient 
property  of  thermal  decomposition  by  above 
discussion.  So,  we  use  a  copolymer  of  methyl¬ 
acrylate,  ethyl  acrylate  and  ethyl  methacrylate 
a.s  a  binder,  methyl  ethyl  keton  as  a  solvent, 
and  buthyl  benzil  phthalate  as  a  plasticizer. 


r’,.r\  - 

The  CuO  paste  developed-  as  an  inner  layer 
'.onductor  is  made  up  of  3  .  0  /:/  m  CuO  powder, 
frit  having  a  softening  point  of  SOOT, 


acrylic  rosin.  buthyl  calbitol  acolato.  torpine- 
ol  and  additive's.  As  mentioned  befoi’e.  3.0  ti  m 
CuO  powder  is  reduced  to  copper  at  3  0  0  "C  in  a 

nitrogen  atmosphere  containing  1  0  “o  hydrogen. 

To  decide  the  industrial  reduction  condition, 
we  made  the  following  experiments. 

The  laminated  green  tapes  with  CuO  inner  layer 
conductor  were  pro-fired  in  a  convection  oven  at 
5  5  0  T  in  air,  next  reduced  under  the  condition 

which  the  reduction  peak  time  is  2  0  min,  the 
reduction  peak  temperature  is  changed  from  2  5  0  T 
to  4  5  0  T  in  a  nitrogen  atmosphere  containing 
1  0  %  hydrogen,  and  fired  at  9  0  0  T  in  a  nitrogen 
atmosphere.  Then  the  sheet  resistance  of  the 
inner  layer  conductor  was  measured,  the  results 

is  shown  in  Fig.  2.  As  revealed  by  the  figures, 
the  sheet  resistance  proves  to  stabilize  when 

copper  oxide  is  reduced  at  just  a  little  under  3  0  0 
T  or  higher.  Thus.  the  temperature  in  the 
reduction  process  has  been  determined  as  3  5  0  T . 


Fig.  2  Sheet  resistance  of  inner  layer  conductors 
by  reduction  temperature 

(4)  Cu  paste 

Commercial  Cu  paste  is  used  as  the  top 
layer  conductor . 


PROCESS 

Our  development  Copper  Multilayered  Ceramic 
Substrates  are  manufactured  by  the  process  shown  in 

The  ceramic  powder 
and  the  vehicle 
are  mixed  by  ball¬ 
milling,  a  slurry 
consisting  of  the¬ 
se  materials  is 
cast  into  thin  ce¬ 
ramic  green  tapes 
by  a  conventional 
doctor  blading  me¬ 
thod,  via  holes  a- 
re  formed  through 
the  green  tape  us¬ 
ing  NC  punching 
equipment.  Via 

holes  are  filled 
with  CuO  paste  to 
form  contact  betw¬ 
een  signal  lines 
Fig.  3  Flow  Chart  for  Copper  Multilayered  qj.  electrode,  and 
Ceramic  Substrates  Processing  CuO  paste  is  appl¬ 

ied  as  an  inner 
layer  conductor.  These  printed  green  tapes 

are  laminated  together  at  8  0  T  under  a  pre¬ 
ssure  of  about  2  0  0  kg  X  cnf.  Those  laminated 
green  tapes  are  pre-fired  at  5  5  0  “C  in  air, 
reduced  at  3  5  0  T  in  a  nitrogen  atmosphere 

containing  I  0  %  hydrogen  in  which  CuO  is  rediicoil 
to  Cu  and  co-fired  at  9  0  0  T  in  a  nitrogen 
atmosphere.  Fig.  4.  shows  the  temperature  and  at¬ 
mospheric  profile  of  those  firing  procosse. 


Fig  .  3 
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RESULTS 


16Hrs.  1  Hr  2Hrs. 

Time 

Fig.  4  Temperature  and  Atmospheric  Profile  of 
Firing  Process 


The  excellent  properties  of  our 
copper  multilayered  ceramic 

obtained  from  utilizing  these 
are  shown  in  Table  4  and 


development 
substrates, 
technologies 
Table  5. 


The  reason  we  choosed  a  nitrogen  atmosphere 
containing  1  0  %  hydrogen  as  a  reduction 

atmosphere  is  extremly  safety,  shown  in  Fig.  5, 
from  the  view  point  of  explosive  limits.  [  7  J 


H2 


O2  N2 

Fig.  5  Explosive  limits  of  H2-02’N2  system 

Fig  .  6  shows  SEM  photographs  of  the  inner  layer 
surfaces  during  processes .  Fig  .  7  shows  sjoM 

photographs  of  the  substrate  sections 
during  processes . 


mm 

H - ■ 

5  /i  m 


Printing/ Drying  Burn  out  Reduction  Sintering 

Fig.  6  SEM  Photographs  of  Inner  Layer  Conductor 
Surfaces  During  Processes 


Table  4  Properties  of  Copper  Multilayered  Ceramic  Substrates 


Properties  | 

MKE-100 

Sintered  density 

(g/of) 

3.1 

Flexural  strength 

(kg/of) 

2500 

Thermal  expansion  coefficient 

( ‘c-‘  ) 

61,2X10'’ 

Dielectric  strength 

(KV/m) 

>15 

Volume  resistivity 

(n  •  cm) 

>10'’ 

Dielectric  constant 

(  1  MHz) 

7.4 

Dissipation  factor 

(  1  MHz) 

0.002 

Thermal  conductivity  (c&l/'deg 

•  on  •  sec) 

0.007 

Conductor  sheet  resistance 

Inner 

3 

(mO/D) 

Top 

2 

Table  5  Properties  of  Copper  Multilayered  Ceramic  Substrates 


Properties 

MKE-200 

Sintered  density 

(g/af) 

2.5 

Flexural  strength 

(kg/orf) 

1400 

Thermal  expansion  coefficient 

( -c-*  ) 

42.0X10-’ 

Dielectric  strength 

(KV/ian) 

>15 

Volume  resistivity 

(S2  ♦  cm) 

>10“ 

Dielectric  constant 

( 1  MHz) 

4.5 

Dissipation  factor 

( 1  MHz) 

0.002 

Thermal  conductivity  (cal/deg 

•  on  *  sec) 

0.007 

Conductor  sheet  resistance 

Inner 

3 

(mfi/n) 

Top 

2 

2  0  m 

Printing/ Drying  Burn  out  Reduction  Sintering 

Fig.  7  SEM  Photographs  of  Substrates  Sections 
During  Processes 


T 


CONCLUSION 


The  establishment  of  a  new  manufacturing’ 
process  of  Copper  Multilayered  Ceramic 
Substrates  using  a  oxidation-reduction  reaction, 
employing  CuO  paste  as  an  inner  layer  conductor, 
and  the  development  of  two  types  ceramic 
compositions  as  an  insulating  substrate 
materials  has  brought  about  the  production  of 
Copper  Multilayered  Ceramic  Substrates  having 
excellent  characteristics.  The  excellent 

characteristics  are  as  follows. 

(1)  The  superiority  of  low  impedance,  migration 
resistance  and  low  cost  has  resulted  from 
Cu  conductor. 


(2)  The  burnout  process  permits  the  use  of  air. 

organic  components  are  removed  completely! 
This  results  in  excellent  insulation 

performance  and  high  reliability  for  the 

substrates. 

(3)  The  development  of  substrate  materials. 

MKE  -  1  0  0  which  has  a  strong  flexural 

strength  2  5  0  0  kg  /  cnf  and  a  low  dielectric 

constant  7.4  (  IMHz  )  less  than  AhO,.  and 

MKE  2  0  0  which  has  a  low  dielectric  constant 
4.5  C  IMHz)  and  the  nearly  thermal  expansion 
coefficient  4  .  2  X  1  O'*  "C''  as  Si.  makes 

us  to  be  able  to  respond  to  broad  demands. 


We  are  convinced  that  as  a  result  of  our 
development  can  be  put  into  practical 
application,  and  that  such  substrates  could 
come  into  broad  use  for  consumer  electronic 
products  in  the  near  future. 
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<ABSTRACT> 


Yttria  stabilized  zirconia  (YSZ)  thin  films 
were  obtained  by  means  of  R.F.  magnetron 
sputtering  using  sintered  YSZ  targets.  Three 
types  of  targets  were  used  in  order  to 
investigate  the  effect  of  the  amount  of  Y^Oa. 
These  contain  3,  9  and  20  mol%  Y'aOa  as  the 

stabilizer. 

Preparation  conditions,  physical  and 
electrical  properties  were  examined  by  X-ray 
diffraction  analysis,  I-V  measurement  of  MOS 
structure  which  was  fabricated  by  evaporating  A1 
electrode  on  YSZ  film  on  Si,  and  photoabsorption 
characteristics.  Crystallinity  of  the  sputtered 
layer  depended  on  the  substrate  temperature.  As 
the  substrate  temperature  was  above  300  [°CJ  , 
polycrystalline  YSZ  film  was  obtained.  The  phase 
of  film  was  dcaninated  by  the  amount  of  doped 
izOa  in  the  target.  Dielectric  constant  and 
optical  energy  gap  was  found  to  be  24.5-^28.6  and 
->-4.4  [eV] ,  respectively. 

(YSZ: yttria  stabilized  zirconia  )  has  been 
studied  by  many  workers.  Y'.Miv'ahara^^  used  YSZ 
as  a  sensitive  part  of  oxygen  sensor.  And 
H.Myoren^'  used  ZrO^  as  buffer  layer  between  the 
superconducting  oxide  material  and  Si (100) 
substrate.  It  is  desirable  to  prefxire  thin  film 
of  stabilized  zirconia  in  order  to  apply  to 
elect  i‘onic  devices  described  above.  How'ever, 
there  are  not  so  many  reports  about  zirconia 
thin  films  and  the  effec't  of  doping  on 

properties  of  zirconia  thin  films.  Because  the 
studies  on  the  application  for  electronic 

devices  and  high  fracture  strength  thin  film 

materials  have  only  started  just  recently. 

In  this  report,  the  formations  of  v’ttria 

stabi]iz(?d  zirconia  (YSZ)  thin  films  were 
investigated  and  the  effects  of  Y^O^  doping  on 
zirconia  thin  films  were  examined  by  X-ray 
diffraction  analysis,  I-V  measurement  of  MOS 
structure,  photoabsorption  characteristics.  Y"SZ 
films  wei’e  applied  to  buffer  layer  and  oxygen 
sensor' . 


Using  this  YSZ  film  as  a  buffer  layer  on 
alumina  substrate,  the  superconducting 
properties  of  Y-Ba-Cu-0  was  observed.  fias 
sensitive  properties  of  the  films  were  also 
confirmed. 


INTTRODUCTION 


Zirconia  ceramics  (ZrOs)  is  becoming  one  of 
the  most  promising  high  fracture  strength  and 
toughness  nraterials.  Pure  ZrOg  exhibits  three 
polymorphs,  i.e.  raonoclinic(M) ,  tetragonal(T) 
and  cubic(C).  The  tetragonal -monoclinic 

transfomation  of  ZrO^  changes  the  volume.  This 
change  causes  fracture  itself.  Divalent  or 
tri valent  metal  oxide  (such  as  C^aO,  Y2O3,  etc.) 
has  been  used  as  dopant  to  protect  from 
fracture’^  .  It  has  been  known  that  the  doping 
improve  the  characteristics  of  zirconia 
ceramics . 

Recently  zirconia  doped  with 
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EXTERIMENT 


Fig.l  The  schematic  of  experimental  apparatus. 


V3Z  Lliiii  filiiEb  wertf  Ltnl  uii  Si  (ICO), 

vycor  glass  and  ceramics  (poly-Al^Os)  substrates 
by  means  of  R.F.  magnetron  sputtering  using 
sintered  targets.  Three  types  of  targets  were 
used  in  order  to  examine  the  effects  of  YsOg. 
Tliese  contain  3,  9  and  20  mol%  Y2O3  as  the 

stabilizer. 

Figure  1  shows  a  schematic  diagram  of  the 
apparatus.  Sputtering  conditions  for  preparing 
thin  films  are  shown  in  Table  I  .  The  system 
evaporation  was  evacuated  by  conventional  oil 
diffusion  pump.  The  background  pressure  was 
lower  them  5  *  10“^  [Torr] .  The  discharge  gas 


Ai',  which  was  .Liitrcxiuced  into  tlie  chamber 
through  needle  valve  and  flow  meter,  was  used. 
The  substrate  was  heated  to  about  750  ["C]  by 
carbon  heater. 

The  relation  between  film  thickness  arid 
substrate  temperature  is  shown  in  Figure  2.  As 
the  substrate  temperature  was  elevated,  film 
thickness  was  increased.  Film  thickness  was 
decreased  wi  th  increased  the  amount  of  doped 
Y2O3  in  the  target.  The  average  deposition  rate 
was  calculated  to  be  22[A/niin]  when  the  film 
was  deposited  at  700  [“CJ  using  the  target  with  3 
mol%  Y2O3. 
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TABLE  I  Sputtarinj  Conditions  of  YSZ  Thin  Fills 


Substrate 

n-Si(lOO)  p=8.0''12.0(Qcil 

p/p'Si(100)  p=13.6[Qci| 

Vycor  Class 

CaraiicsCpoly-RljOs) 

Subetrate  teap. 

R.T.-  750-C 

Deposition  Tiie 

160  lin.  300  ain. 

R.F.  Poirar 

70  W 

TargeKZiOjiYzOa) 

1:3  Mix  1:9  MIX  1:20  mIX 

Cbaaber  Pressure 

5-^10  aTorr 

Sputtering  Gas 

At 

E  0.7 

- 

—  o- — 

O  • - 

0.6 

W 

CD 

y  0.5 

0  r-t  — - - n — 

XI 

£  0.4 

IT 

o  3mor/o 
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Fig. 2  Relation  between  deposition  rate 
and  substrate  temperature. 

(Deposition  time  was  300  [mini.) 
the  ratio  is  larger  than  1,  the  film  has  excess 
Y  compared  with  the  target  composition  ratio. 
This  result  shows  that  the  lower  the  substrate 
temperature  is  or  the  less  the  amount  of  doped 
YaOa  is,  the  more  the  ratio  of  Y  in  the  film 
increases.  However,  the  discrepancy  can  be 
neglected  because  the  values  are  almost  eiround 
1. 


Figure  4  shows  the  X-ray  diffraction 
patterns  of  YSZ  films.  These  films  were 
deposited  at  different  substrate  temperature 
using  the  target  with  9  molX  YzOa.  As  the 
substrate  temperature  was  above  300  [*C]  , 

polycrystalline  YSZ  film  was  obtained.  The 
dominant  diffraction  peak  changed  from  29.8*  to 
34.9*  as  the  substrate  temperature  was 
increased.  In  other  words,  the  dominant  phase 
changed  to  tetragonal  phase,  mixed 
( tetragonal +cubic )  phase  and  cubic  phase  at  the 
substrate  temperature  was  about  300  ['C] ,  500 [*0] 
and  700  CC],  respectively.  The  phase  transitions 
in  films  was  observed. 

It  is  obvious  that  YzOa  doping  has  much 
effect  on  the  crystal  structure.  Because 
tetragonal  or  cubic  phase  of  pure  ZrOz,  which 
appeared  at  only  high  temperature  region  (above 
1100(*C])  was  observed.  Using  the  target  with  3 
rool%  Y203,  the  different  phase  transition  in  YSZ 
films  was  observed.  In  this  case,  the  dominant 
pjhaae  changed  to  mixed  (inonoclinic+tetragonal) 
phase,  tetragonal  phase  and  mixed 

{ tetragonal+cubic )  phase  at  the  substrate 
temperature  was  300  CC]  ,  500  CC]  and  700  fC]  , 
respectively.  These  results  show  that  the  phase 
of  r;  hii  was  dominated  by  the  amount  of  doped 
YaOa  in  the  target. 


RESULTS  AND  DISCUSSION 
A.  Composition  and  Cryst^allinity 

The  film  composition  was  examined  by 
electron  prove  micro  analysis  and  the 
crystallographic  structure  of  films  by  X-ray 
diffraction  analysis. 


Substrate  Temperature 

Fig. 3  The  cosposition  ratio  fill  versus  target. 

Figure  3  shows  the  dependence  of  the 
composition  ratio  of  the  film  on  substrate 
temperature.  This  ratio  was  compared  with  the 
original  target  composition  ratio.  In  other 
words,  the  vertical  line  shows  the  discrepcmcy 
between  the  film  composition  ratio  and  that  of 
the  target.  When  the  ratio  is  1,  the  film  has 
the  same  composition  ratio  of  the  target.  When 


Fig. 4  Typical  X-ray  diffraction  patterns 

depending  on  the  substrate  teiperature. 
(using  the  target  with  9  ioU;  YjOaT 


B . Photoabsorption 

It  is  important  to  make  clear  the  optical 
properties  of  YSZ  films  for  application  to 
coating  films  of  optical  devices  and  to 
determine  the  energy  gap.  The  transmission 
factor  of  YSZ  film  was  measured.  The  samples 
were  deposited  on  vycor  glass.  The  optical 
energy  gap  was  calculated  from  the 
photoabsorption  characteristics. 

Figure  5  shows  the  characteristics  of 
transmission  versus  wavelength  for  the  films 
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deposited  at  500  fC] .  Three  types  target  were 
used.  In  the  visible  radiation  region  which  were 
in  the  rsuige  from  300  to  700  [nm],  the 
transmission  factor  was  above  70  X»  The 
absorption  edge  was  observed  at  about  250  [nm] . 
The  transmission  factor  wbls  almost  independent 
of  the  amount  of  Y2O3  doped  ZrOz , 


transsiission  versus  wavelength. 

The  values  of  optical  energy  gap  calculated 
these  <.‘harac tori  sties  are  shown  in  TaVdell  . 
Thes»*  values  were  in  the  range  from  3.86  to  4.40 
ieX'J.  Those  tended  to  increase'  as  incx'easing  the 
amount  of  V2O3. 

C ectr ical  characteri st i cs 

(  T-\  mt'asuremcnt  I 

Figure  6  shows  the  current -voltage 
characteristics  of  MOS  si  ructure  (Al-YSZ-Si 
substrate).  YSZ  films  were  dcix^sited  at  room 
^emj'n-.'ratuj'e .  As  in  this  figur^e,  tliere  arc  two 
distinct  regions.  The  currents  change 


£  [><10°V/cm] 

0.1  0.5  1  2  3  4 


Fig. 6  Current  versus  square  root  of  electric  field 
for  A1“YSZ-Si  structures  at  rooia  teaperature 
with  an  area  of  1. 257*10' ^caP  for  aluainua 
electrode  positive. 


.APPIJCATION 

A. Buffer  layer  for  high  T^  superconductor 

As  one  of  applications  of  the  Y’SZ  film,  the 
film  was  used  as  buffer  layer  between  Y-Ba-Cu-O 
film  and  alumina  substrate.  The  Y-Ba-Cu-0  films 
were  pT‘epared  by  D.C  magnetron  sputtering 


Table II  The  value  of  optical  energy  gap.- 


Thickness 

Sub.Temp. 

Ihe  Vcioe  or 

The  Bond  Gap 

V3molVi 

>75  (nm) 

700  (t) 

3.86  (eV) 

171 

500 

A. 16 

159 

300 

3.93 

r-9 

135 

700 

4.06 

270 

500 

4.23 

200 

300 

4.40 

r-20  • 

100 

700 

4.25 

150 

500 

4.33 

150 

300 

4.31 

e.\Tx>nentially  with  the  square  root  of  the  field 
at  high  electric  field,  the  characteristics  are 
ohmic  at  low  field.  As  the  amount  of  doped  Y2O3 
was  increased,  the  current  value  was  increased. 
The  resistivity  of  YSZ  films  were  calculated  to 
>30  -2.23  *  10*"^  [Q*cm]. 

The  resistivity  of  the  film  obtained  using  the 
target  with  20  mol%  was  higher  than  that  of  the 
film  using  the  ttirget  with  9  moJ%  YzOs.  Because 

couldn’t  replace  Zr'*'"  completely,  so  YaOs 
remained  unsubsti tutional ly  in  the  films.  These 
characteristics  were  similar  to  that  of  Si3Nj 
film  as  sin  insulator  in  MIS  structure**'  .  However 
the  resistivity  of  YSZ  films  were  smaller  than 
tliat  of  Si^Nu  film.  .As  the  crystallinity  of  film 
was  improveii,  the  resistivity  decreased. 

Hi electric  -'onstant  of  films  deposited  at 
I'oom  l.emj3eratui*f'  was  found  to  be  24.5—28.6.  The 
valut*  )f  film  deposited  at  500  {*C]  using  the 
target  u*ith  9  mol%  Y^Os  was  68.  These  value  was 
increased  depending  on  crystallinity  of  films, 
apjxnratu.s .  Tb*-*  target  with  the  atomic  ratio  of 
V:Ba:Cu  =  1:3:7  was  use<l,  Tlie  thickness  of 

Y-Ba-Cu--<)  film  and  YSZ  layer  were  about  2—3 
[>um]  and  0.3  L/^m]  ,  respectively.  After 

deposit  ion,  the  samples  were  Euinealed  in  O2 
atmosphere  at  850  [“C]  for  1  hour.  The 

r-esistivity  was  measured  by  the  conventional 
four- point  probe  method. 

Figure  7  shows  the  temperature  dependence  of 
thr*  resistivity  of  Y-Ba-Cu-0  films  with  and 
'-■ithoui  YSZ  layer.  The  resistance  of  the  sample 
w’i  th  YSZ  layer  behaved  a  rapid  drop  at  95 
[K]  (T.  )  and  zero  resistance  at  47  [KliT^orr)* 

The  resistance  of  the  sample  without  YSZ  layer 
had  the  negative  temperature  coefficient  and 
these  samples  did  not  indicate  zero  resistance. 
From  these  results,  YSZ  layer  was  found  to  be 
useful  as  the  buffer  layer  between  the 
sui>'^rcondu('ting  film  and  alumina  substrate. 
However,  as  in  this  figure,  the  resistance 
e.vhibited  a  long  tail  below  the  Tcon*  It  is 
considered  that  this  result  was  caused  by  the 
growth  of  second  phase  (CuO,etc. )  in 
superconducting  layer  and  the  crystallinity  of 
YSZ  layer  was  not  single  crystal  completely. 
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Fig. 7  The  temperature  dependence  of  the  resistivity 
of  the  Y-Ba-Cu-0  thin  films. 

B.nair.  sf.'risitive  pi  oi>er  t  ies 

V-()2  dn()ed  ZtOa  which  is  a  good  oxygen 
conductor*  duo  to  presence  of  oxygen  vacancies 
f.nned  by  the  doping.  Recently,  stabili2e<i 


Time  fsec.1 

Fi^.9  Gas  sensitive  properties  of  YSZ  film. 


CONCLUSIONS 


zirconia  has  been  applied  to  oxygen  sensor  using 
these  characteristics.  The  currents  flowing 
through  the  surface  of  the  YSZ  films  were 
examiivL'd  dependening  t)n  oxygen. 

The  sc'hematic  representation  of  the 
experimental  setup  is  shown  in  Figure  8.  The 
stimple  was  in  the  chamber  evacuated  to  about  100 
[mTorr ] . 

Figure  9  shov^^s  the  ratio  of  current  change 
dept^nding  on  oxygen.  The  currents  between 
surface  electrodes  were  increasing  as  oxygen  gas 
w;ii^  introiuced  into  chamber.  As  the 
concentration  of  oxygen  was  kept  constant,  ttie 
sample  currents  saturattxl.  The  currents  return.:.^ 
ttie  rnitiuL  value  after  oxygen  in  chamber  was 
exliaustr'd , 


Fi^.8  The  schematic  representation  of  experimental  setup. 
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YSZ  thin  films  were  obtained  by  means  of 
R.F.  magnetron  sputtering  using  sintered  YSZ 
targets.  The  film  composition  ratio  corresixmded 
to  that  of  the  target.  Crystallinity  of  films 
depended  on  the  substrate  temperature.  The  phase 
of  film  was  dominated  by  the  amount  of  doped 
in  the  target.  The  transmission  factor  was 
more  than  70  %  in  the  range  from  300  to  700 
[nm],  and  optical  energy  gap  was  ^4.4  [eV] .  The 
resistivity  was  ~2.23»  10* -cm]  ,and  dielectric 
constant  was  found  to  be  24.5-^28.6.  Using  this 
YSZ  film  as  buffer  layer,  the  superconducting 
properties  of  Y-Ba^Cu-O  was  observ'ed.  Surface 
^uri'ents  I'hanged  depx'nding  on  ox’ygen. 
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A  NKW  AHAMTD/EPOXY  T.AKTNATE  FOR  SURFACE  MOUNT  TECHNOLOGY 


Tadashi  Hirakawa,  Hirosuke  Watanabe  and  Kunio  Nishimura 

Teijin  Limited,  Fiber  &  Textile  Research  Laboratories 
3-4-1,  Minohara,  Ibaraki,  Osaka  567,  Japan 


Abstract 

A  new  aramid/epoxy  laminate  for  use  in 
advanced  surface  mount  technology  was  developed. 
The  laminate  consists  of  paper  from  PPDETA  (Poly-p- 
phenylene/3, 4  * -diphenylether  terephthalamide)  and 
epoxy  resin  with  high  purity  and  high  temperature 
resistance.  Since  the  laminate  is  designed  and 
processed  to  have  minimum  impurities,  high  glass 
transition  temperature,  and  high  dimensional 
stability,  the  laminate  can  be  used  as  a  substrate 
for  LCCC,  COB,  PGA,  and  other  advanced  surface 
mount  technologies.  Reliability  of  the  laminate  to 
electromigration  between  surface  conductors, 
between  plated-through  barrels,  and  between  opposed 
conductors  is  one  of  the  highest  available  today. 
These  behaviors  are  related  to  the  high  purity  and 
high  temperature  resistance  of  both  the 
reinforcement  material  and  the  resin.  The  short 
life  of  through  hole  plating  in  thermal  shocks  is 
improved  by  the  application  of  a  new  plating 
technology  and  a  composite  structure.  Applications 
to  multilayer  boards  and  laminates  v;ith  a  low 
dielectric  constant  are  also  being  investigated. 

1 .  Introduction 

The  need  for  higher  density  interconnections 
of  printed  wiring  boards  is  increasing,  especially 
in  applications  for  advanced  surface  mount 
technologies,  such  as  LCCC,  PGA,  COB,  TAB  and  Flip 
Chip. 

A  new  laminate  for  the  advanced  surface  mount 
technologies  is  developed  from  a  newly  developed 
aramid  fiber,  Technora®,  and  a  newly  developed 
epoxy  resin, 

Technora®,  which  will  hereafter  be  referred  to 
as  "New  Aramid"  fiber,  is  a  new  kind  of  aramid 
fiber  with  high  tenacity  and  high  modulus.  It  is 
made  from  PPDETA,  poly-p-phenylene/3 , 4  * - 

diphenylether  terephthalamide, 

-(hn-0-nhoc-O  co)j^hn-0-  o,q^nhoc-0-co)^ 

Since  the  New  Aramid  fiber  proved  to  have 
extraordinarily  high  adaptability  to  copper-clad 
laminates  for  printed  wiring  boards,  especially  in 
terms  of  reliability  and  stability,  extensive 
efforts  were  made  to  develop  the  new  laminate,  "TL- 
01,"  [1,  2,  4],  to  be  used  for  the  advanced  surface 
mount  technology.  The  new  epoxy  resin  formulation 
was  designed  to  have  high  affinity  to  the  New 
Aramid  fiber,  high  temperature  resistance,  and  low 
ionic  impurities.  The  reliability  of  "TL-01"  to 
surface  electromigration  was  reported  elsewhere 
[2],  and  the  machinability ,  the  dimensional 
stability,  and  the  plated-through  hole  reliability 
of  the  laminate  were  partially  reported  [3]. 

In  this  report,  further  studies  are  made  to 


clarify  the  factors  influencing  reliability  to 
migration  between  surface  conductors,  between 
plated-through  hole  barrels  and  between  opposing 
conductors.  Factors  influencing  the  plate-through 
reliability  is  also  being  investigated,  and  a  new 
structure  improving  durability  to  thermal  shock  is 
being  proposed. 

Applications  for  double-sided  boards, 
multilayer  boards,  and  low  dielectric  boards  are 
introduced  with  reference  to  data  obtained  in 
laboratories,  as  well  as  in  some  actual  plants. 

2.  Features  of  the  New  Aramid  fiber 

Specific  features  of  the  New  Aramid  fiber,  low 
impurities,  less  tendency  to  fibrillate,  and  high 
chemical  resistance,  originate  in  a  chemical 
structure  of  the  polymer  and  the  possibility  to 
practice  solution  spinning.  The  general 

performance  of  the  New  Aramid  fiber  from  PPDETA  is 
listed  in  Table  1.  The  high  tenacity,  high 
modulus,  and  low  water  absorption  are  the  specific 
nature  of  the  fiber.  Since  the  fiber  has  a 
relatively  even  microstructure  with  indistinct 
crystalline  and  amorphous  regions  [5],  it  is  less 
susceptible  to  micro-fibrillation  that  occurs  more 
generally  in  PPTA  fibers. 

The  impurity  levels  of  the  New  Aramid  fiber  is 
compared  to  other  reinforcements  in  Table  2,  and  it 
is  confirmed  that  the  New  Aramid  fiber  has  fewer 
extracted  ions  than  PPTA  and  glass  fibers, 

3.  Development  of  "TL-01" 

A  new  laminate,  TL-01,  was  developed  by 
impregnating  a  paper  made  of  the  New  Aramid  fiber 
with  the  newly  developed  epoxy  resin  [21.  The 

Table  1  Physical  properties  of  Technora®  fiber 

Color  gold 

Diameter  12  pm  ^ 

Tensile  strength  310  kg/mm^ 

Tensile  modulus  7100  kg/mm 

Elongation  to  break  4.4  % 

Thermal  decomposing 
temperature 

Heat  of  combustion  6800  cal/g 

Specific  heat  0.26  cal/g 

Equilibrium  moisture  _ 

content _ ‘  _ 

Table  2  Extracted  ions  Table  3  Extracted  ions 

from  reinforcements  [ 2 ]  from  resins  [ 2 ] 

_ (bq/q)  _ (uq/q) 

Reinforcement  Na*^  Cl  Resin  Na*^  Cl 

New  Aramid  fiber  2.0  5.7  New  resin  3.5  5.0 

PPTA  fiber  110  24.1  FR-4  resin  16.5  200 

Glass  fabric _ 36.4  19.1 
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Typt*  A 
L-L»  Silv(^r 


Table  A  Test  conditions  of  the  m iteration  cxp(*r  imenti; 


V 


Type  B 
L~L,  Copne 


Type  C 
H-K,  Coppt?r 


IDC 


Tyi'x*  D 
S-S,  5ilv(^r 


[dimensions 

Environment 
ias  voltage 


Spacing,  d:  0.5  mm 
Length,  1:  50  mm 
121  ^C,  2  atm. 

90  V 


Spacing:  0.15  mm 
Width:  0.3  mm 
121  2  atm. 

90  V 


Diameter,  a:  0.4  mm 
Distance,  d:  1.0  mm 
85  85  %RH 

300  V 


Thicknc?ss:  0.4  mm 

121  ^C,  2  atm. 

90  V 


caper  base  was  employed,  because  it  has  a  better 
i_mnrpgndt  ion  property,  a  higher  dimensional 
stability  and  a  smoother  outside  surface  than  a 
fabric  base  [6).  The  resin  was  carefully 
formulated  in  consideration  of  its  affinity  to  the 
fiber,  temperature  resistance,  ionic  impurities  and 
flammability.  In  Table  3,  the  impurity  level  of 
the  new  resin  is  compared  to  that  of  the  FR-4 
resin.  Since  the  developed  resin  has  a  hydrophobic 
nature,  the  laminates  thereof  show  excellent 
electric  properties  and  resistance  to  soldering. 

The  features  of  "TL-01"  are  as  follows: 

(1)  Excellent  reliability  to  electromigration 

between  surface  conductors - even  for  silver 

electrodes . 

(2)  Low  X-Y  thermal  and  hygroscopic  expansion - CTE 

as  low  as  6.5  ppm/  C  and  CHE  as  low  as  7  pDm/%RH 
fll. 

(3)  High  temperature  resistance - T  as  high  as  194 

[2),  and  temperature  index  recognized  as  140 

by  UL. 

(4)  Low  dielectric  constant - Dielectric  constant 

as  low  as  3.9  [ 2  ]  . 

(5)  Low  flammability - UL  94V-0  recognized. 

Because  of  these  features,  TL-01  was  first 
employed  in  COB  mounting  technology  [3],  where  high 
reliability  to  migration  and  corrosion  is 
imperative.  The  machinability  of  the  laminate  was 
confirmed  to  be  almost  equivalent  to  FR-4  in  terms 
of  drilling,  plating,  routing,  and  shearing 
performances,  if  the  processing  conditions  are 
properly  selected.  However,  some  questions  were 
left  in  promoting  applications,  especially  in 
reliability  to  other  types  of  electromigration, 
plated-through  hole  reliability,  and  processability 
of  multilayer  boards. 

4.  Factors  Influencing  Reliability  to 
Electromigration  in  Some  Configurations 

Electromigration  behavior  of  laminates  was 
investigated  for  four  kinds  of  reinforcements 
combined  with  two  kinds  of  resins.  For 

reinforcement  material,  fabric  and  paper  made  of 
the  New  Aramid  fiber  were  used  together  with  glass 
fabric  and  FPTA  fabric.  For  resin,  the  newly- 
developed  epoxy  resin  with  high  purity  and  high 
temperature  resistance  was  used  together  with  the 
conventional  resin  employed  in  FR-4,  which  will  be 
hereafter  referred  to  as  ''FR-4  resin." 

The  electromigration  of  copper  and  silver 
"lectrodes  was  investigated  for  three  kinds  of 
configurations  [7]: 

^1)  Line-to-Line  (L-L),  between  surface  conductors 
on  the  same  side  of  the  circuit. 

Hole-to-Hole  (H-H),  between  plated-through  hole 
barrels. 

^ Cur face  *  to- surf ace  (S-S),  between  surface 
conductors  on  opposite  sides  of  the  circuit. 

The  test  conditions  of  electromigration  are 


Figure  1  Insulation  resistance  of  laminates 
between  silver  electrodes  (Typo  A  migration) 
1:  New  Aramid  paper,  2:  New  Aramid  fabric, 
3:  Glass  fabric,  4:  PPTA  fabric, 

- :  New  resin,  - :  FR-4  resin. 


Figure  2  Insulation  resistance  of  laminates 
between  copper  electrodes  (Type  B  migration) 
Codes  same  as  Figure  1. 

listed  in  Table  4.  For  the  L-L  configuration, 
silver  and  copper  electrodes  were  employed,  and  for 
the  S-S  configuration,  silver  electrodes  were 
employed,  since  silver  is  more  susceptible  to 
electromigration  than  copper  (8).  It  is  usually 
used  for  die  bonding  of  semiconductor  chips  in 
direct  mount  technology. 

In  Figure  1,  the  insulation  resistance  between 
silver  electrodes  (L-L  configuration)  is  plotted 

against  time,  and  in  Figure  2,  results  for  the 
copper  electrodes  (L-L  configuration)  are  shown. 

In  these  tests,  solder  resist  was  not  applied. 
Results  for  the  H-H  configuration  are  sown  in 
Figures  3. 

In  the  L-L  and  S-S  configurations,  the 
migration  phenomena  is  drastically  influenced  by 
the  reinforcement  material  (21,  while  in  the  H-H 
configuration,  the  migration  is  influenced  mainly 

by  the  resin.  It  is  to  be  noted  that  the  fabric 


Figure  3  Insulation  resistance  between  plated  through-holes 
(Type  C  migration)  Codes  same  as  Figure  1. 


Aramid/epoxy 

-  Gi ass/epoxy 

Aramid/epoxy 


Figure  4  Composite  laminate 


base  is  more  susceptible  to  electromigration  than 
the  paper  base.  Considering  that  the  fiber  length 
is  a  few  millimeters  and  the  hole-to-hole  distance 
of  the  H-H  configuration  is  only  1  mm,  this 
difference  is  ascribable  to  the  better  impregnation 
property  of  paper  than  fabric.  In  all 
configurations,  it  was  confirmed  that  the 
combination  of  the  New  Aramid  and  the  new  resin, 
which  stands  for  TL-01 ,  is  the  least  susceptible  to 
electromigration,  and  in  all  test  conditions 
employed  here,  no  migration  was  ever  observed  in 
this  combination. 

Looking  closely  at  this  migration  phenomena, 
it  is  concluded  that  the  interface  affinity  of 
fiber  and  resin  plays  an  important  role.  In  the 
case  of  a  glass-base  laminate,  the  interface  is 
susceptible  to  migration,  and  in  the  initial  stage, 
the  fiber  is  coated  with  black  silver  oxide  or 
copper  oxide,  and  over-all  migration  or  shortage 
occurs  afterwards.  The  results  in  Figure  3 
suggests  some  contribution  of  pore  structures, 
since  fabrics,  which  has  very  small  intra-yarn 
pores,  usually  have  poorer  impregnation  property 
than  papers. 

5,  Aramid/Glass  Composite - A  Realistic  Solution 


Thermal  cycle  (20-260C) 

0  100  200 


Figure  5  Durability  of  plated-through  holes  to 
thermal  shock.  Figures  in  the  parentheses 
are  volume  fraction  of  aramid-base  layers. 


It  has  been  pointed  out  that  aramid-base 
laminates  have  higher  Z-direction  expansion  due  to 
higher  CTE  of  the  aramid  fiber  in  the  direction 
perpendicular  to  the  fiber  axis  [9],  and  less 
durability  of  through  hole  plating  to  thermal 
shocks  than  the  FR-4  or  the  glass/polyimide 
laminates.  Although  it  may  be  impossible  to 
decrease  the  perpendicular  CTE  of  the  aramid  fiber, 
some  new  technologies  were  applied  to  improve  the 
durability  of  the  plating. 

New  plating  technologies  developed  for  higher 
aspect  ratio  through  holes  were  applied  to  TL-01, 
and  it  was  found  out  that  some  of  them  were  useful 
in  improving  the  durability  as  shown  in  Figure  5. 

The  other  solution  is  a  composite  structure 
with  glass/epoxy  layers  inside  as  shown  in  Figure 
4.  This  structure  can  be  applied  for  double-sided 
copper  clad  laminate,  when  the  laminate  is  used  for 
the  applications  where  low  thermal  expansion  of  the 
laminate  is  not  imperative.  The  experimental 
results  in  the  last  chapter  indicate  that  the  H-H 
migration  can  be  alleviated  by  using  the  new  resin, 
which  has  low  ionic  impurities  and  high  temperature 
resistance.  The  aramid/epoxy  layer  on  both  tops  of 
the  laminate  will  make  the  laminate  less 
susceptible  to  surface  migration  and  also  make  the 
surface  smoother.  In  case  the  semiconductor  chips 
are  mounted  directly  on  the  board,  the  top  layer 


Figure  6  Z-direction  expansion  of  aramid-base, 
glass-base  and  composite  laminates 


will  prevent  corrosion  of  semiconductor  chips  due 
to  ionic  contamination  emanating  from  the  glass 
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3tr<.’S:T  ot  (ilij  bonding  <Jue  to  Llie 
ji  j  f-.;r'Mice  ot  CTE  values  will  be  smaller  than  FR-4 
•.o  .jome  extent. 

The  test  results  of  the  through  hole 
^.•LiaDility  to  thermal  shock  is  shown  in  Figure  5. 
;;t  iia  clear  that  the  durability  of  the  composite 
structure  is  better  than  the  aramid/epoxy  laminate, 
jtid  the  life  increases  as  the  volume  fraction  of 
the  aramid  layers  decreases.  In  Figure  6,  the 
exoansion  of  the  aramid,  glass  and  the  composite 
laminates  is  plotted  against  temperature.  It  is 
shown  that  the  expansion  of  the  composite  laminate 
2.5  almost  same  as  FR-4  at  high  temperatures, 
oresumably  because  of  the  lower  CTE  value  and  the 
higher  glass  transition  temperature  of  the  resin. 

6.  Multilayers - Better  Processability 

For  higher  end-uses,  the  fabrication  of 
multilayers  from  TL-01  and  prepregs  is  necessary. 
The  processability  of  TL-01  for  multilayers  was 
tested  in  labs  and  actual  fabrication  plants. 
Double-sided  copper  clad  laminates,  having  a  length 
of  50  cm  on  each  side,  were  etched,  treated  by 
black  oxides,  and  dried  at  high  temperatures.  The 
etched  laminates  were  piled  up  together  with  copper 
foils  on  both  tops  and  prepregs  and  press-cured  to 
form  a  six-layer  board. 

The  registration  was  measured  using  a  two- 
dimensional  coordinate  measuring  instrument. 
Comparison  to  FR-4  revealed  that  the  dimensional 
stability  of  TL-01  was  much  higher  than  FR-4,  as 
shown  in  Figure  7. 

After  the  lamination  was  over,  the  board  was 
inspected  by  taking  soft  X-ray  pictures  at  the 
center  and  the  four  corners.  As  shown  in  Figure  8, 
there  was  no  remarkable  aberration  of  circuits  on 
these  layers. 

7.  Low  Dielectric  Board - Future  Development 

A  lower  dielectric  constant  is  required  in 
laminates  for  higher  speed  transmission.  In  Figure 
9,  dielectric  constant  and  dissipation  factor  of 
the  laminates  with  a  New  Aramid  base  are  compared 
to  those  with  a  glass  base.  The  laminates  with  the 
New  Aramid  base  have  a  lower  dielectric  constant 
than  those  with  the  glass  base,  and  it  is  expected 
that  the  New  Aramid  is  used  for  high-speed 
transmission  by  impregnating  low  dielectric  resins, 
such  as  polycyanurates . 

8.  Conclusions 

The  base  construction  for  the  development  of 
laminates  from  the  New  Aramid  is  completed,  and  the 
material  innovation  in  interconnections  and  printed 
wiring  boards  has  just  made  a  start. 

Diversification  of  the  aramid-based  laminates 
will  be  needed  in  the  near  future,  in  response  to 
increasing  end-uses.  These  include  metal-base 
laminates,  semi-flexible  multilayers,  rigid-flex 
laminates,  and  thermal  conductive  laminates. 
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ABSTRACT 

A  new  LSI  chip  bonding  method  named  “  Micron-Bump  Bonding  Method  was  developed, 
and  by  this,  the  micron  order  direct  bonding  between  the  LSI  electrode  and  the  electrode  provided 
on  the  circuit  substrate  became  feasible. 

The  shrinkage  stress  generated  in  light  setting  insulating  resin  is  utilized,  to  apply  a 
compressive  force  on  a  LSI  chip  against  the  electrodes  provided  on  a  substrate  in  this  metlu^d.  LSI 
chips  having  an  inter-electrode  spacing  of  10  microns  and  2320  electrodes  in  total  was  succtjisiullv 
gang  bonded  in  a  face-down  from  with  high  reliabilities.  And,  this  technology  was  successiuiy 
applied  to  the  LED  array  head. 


INTRODUCTION 

As  typically  seen  in  recent  driver  LSI  developed  for  display,  tendency  of  the  increased  r- umber 
of  LSI  electrode  pins  while  its  decreased  pitch,  yet  the  increased  chip  size  are  evident.  Tin :  •?  are 
inevitable  to  make  the  electronic  apparatus  thinner,  lighter,  and  more  compact,  and  thus,  it  is 
essential  to  develop  new  technologies  to  assemble  LSI  of  super-multi-pins  of  narrow  pitch.  Wlieieas 
the  conventional  assembling  method  includes  the  wire  bonding,  TAB.  and  the  flip-chip  OiC thuds 

which  had  been  developed  and  practiced  for  years,  the  smallest  pitch  presently  practj*‘al  is 

approximately  80  microns  even  by  the  TAB  method.  As  for  a  solution  for  this  problem  we 

developed  a  Micron-Bump  Bonding  method  by  which  10  micron  pitch  LSI  electrodes  and  the 

electrodes  provided  on  the  circuit  substrate  can  be  connected  by  means  of  a  light-setting  resin,  and 
reported  previously  [1]. 

In  the  course  of  expanding  the  application  field  of  this  Micron-Bump  Bonding  method,  we 
recently  experimented  the  bonding  of  optical  devices,  or  LED  array  module  employed  foi  LED 
printer  head  by  this  method. 

The  light  emitting  diodes  are  arranged  in  a  row  at  the  density  of  400  DPI  (63.5  micron 
pitch),  and  54  each  LED  array  chips  and  corresponding  54  driver  IC  chips  are  arranged  for  one 
LED  printer  head  on  a  246mm  X  14mm  glass  substrate,  and  thereby  the  bonding  have  to  be 
performed  at  12,944  points. 

This  paper  reports  on  the  results  of  an  experiment  conducted  to  confirm  the  applicability  of 
Micron-Bump  Bonding  method  for  LED  array  assembling  where  54  chips  disposed  at  a  close  inter 
chip  distance  of  10  microns  have  to  be  bonded,  and  also  confirm  the  effects  of  bonding  on  its  light 
emissivity  and  heat  dissipation. 


OUTLINE  OF  MICRON-BUMP  BONDING  METHOD 


Structure  and  Principle 
Structure 

Fig.  1  shows  a  cross-section  of  chip  and  substrate  bonded  by  this  bonding  method  where  a 
LSI  having  gold  bumps  is  adhered  on  a  circuit  substrate  by  means  of  a  light  setting  insulating 
resin.  The  gold  bumps  and  the  circuit  formed  on  the  substrate  are  pressed  each  other  to  establish 
an  electrical  connection  by  the  contracting  stress  produced  in  the  light-setting  insulating  resin. 

Principle 

Fig.  2  illustrates  the  principle  of  bonding  acted  by  Micron-Bump  Bonding  method  where  the 
following  relation  has  to  be  established. 

a,P>  W)P 


where; 

a  :  Adhesive  stress  acting  between  the  re.sin 
p  :  Adhesive  stress  acting  between  the  resin 
W  :  Contracting  stress  nf  resin 


.. ...  J  t  C’l  ,.u  . 

Ulivt 

and  circuit  substrate. 
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F  :  Thejiiial  otrcr>r,  c:  rc^ln 

The  above  relationship  can  be  maintained  by  controlling  the  pi;yiica|  cp  the^ 

employed  light  setting  insulating  resin. 

Features 

Followings  are  the  advantages  achieved  by  the  Micron-Bump  Bonding. 

1)  Gang  bonding  of  micron  order  pitch  can  be  achieved. 

Gang  bonding  of  2320  electrodes  of  10  micron  pitch  was  experimeniaily  connnned. 

2)  High  reliability 

Since  the  bonded  point  consisted  of  gold  bump  and  substrate  electrode  is  not  permanently 
fixed.the  thermal  stress  induced  by  difTerential  thermal  expansion  is  absorbed  therein. 

3)  Replacement  of  LSI  is  possible. 

4)  No  thermal  energy  is  required  for  the  bonding. 

5)  Simple  process  and  thus  resulting  in  low  cost. 

Bonding  Process  Flow 

Fig.  3  shows  a  flow-chart  of  Micron-Bump  Bonding  process.  The  process  is  started  with  the 
coating  of  substrate  by  a  light-setting  resin,  and  this  is  followed  by  the  alignment  of  a  LSI  chip 
electrodes  and  the  substrate  electrodes.  The  LSI  chip  is  then  pressed  against  the  substrate  to 
squeeze  the  resin  under  the  bumps  to  establish  an  electrical  connection  between  bumps  and 


LSI  chip 


insuiaTing  resm 


Fig.l  Cross-sectional  of  bonded  LSI  chip  by 
this  new  method. 


Fig.  2  Principle  of  New  Method 


uv 


Fig. 3  Process  flow  of  “Micron-Bump  Bonding  Method” 


Gla.'ss  pubstratp  Liphl  emitting  area 

Fig. 4  Cross-sectional  of  LED  array  module 

by  “Micron-Bump  Bonding  Method”. 
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Fig. 5  Process  flow  for  narrow  chip-gap 

bonding 

1st 


tool  LEO  rlup 


Lirht  sptlinc  in*;ulntion  rc'iin 


Table. 1  Specifications  for  LED  array  and 
driver  LSI. 


substrate  electrodes.  r  oi  • 

The  resin  in  the  transparent  substrate  region  is  set  by  UV  irradiation  while  the  Lbl  is 

pressed  at  a  stationary  condition,  and  the  resin  in  the  rest  of  substrate  region  is  set  at  room 
temperature. 

led  array  module  _ 

Since  the  LED  printer  is  one  of  the  optical  printers  featuring  its  compact  structure  and  high 
orinting  speed,  it  should  be  very  popular  in  near  future.  However,  the  LED  array  module  used  in 
led  printer  has  been  assembled  by  a  conventional  wire-bonding  method  which  required  chip 
electrodes  to  be  disposed  at  a  zigzag  pattern  while  the  light-emitting  diodes  are  disposed  linearly  at 
63.5  micron  pitch,  and  this  inevitably  required  to  provide  a  large  chip  area  for  wire  bonding. 

Since  the  electrode  bump  can  be  disposed  on  a  line  making  a  1 ;  1  correspondence  to  the  light 
emitting  diodes,  the  LED  array  module  developed  for  the  Micron-Bump  Bonding  features;  1)  smaller 
chip  area  thus  the  lower  cost,  2)  possibility  of  still  higher  density,  and  3)  compact  size. 

Constitution  of  LED  Array  . .  „ 

- Fig.  4.  shows  a  cross-sectional  structure  of  LED  array  module  assembled  by  Micron-Bonding 

Bondding  method.  The  64  dots  LED  array  chip  the  driver  IC  both  having  gold  bumps  are  mounted 
at  1 :  1  relationship  on  a  glass  substrate.  Therefore,  for  constructing  A-size  LED,  54  each  LED 

array  and  driver  ICs  are  required  to  be  bonded. 

With  the  structure  above  shown,  the  light  emitted  from  LED  passes  through  both  light-setting 
resin  and  glass  substrate  before  going  into  a  Selfoc  lens  mounted  externally.  As  external  ciiciiit 
and  heat  radiator  have  to  be  further  added  to  form  a  LED  printer  head. 

Material  Considerations 

r.jprht-setting  insulating  resin  .  ,  ,  .  i,  -a  •  „ 

The  employed  light-setting  resin  consists  of  a  denatured  acrylate  resin  developed  by  considering 

the  bondability  and  light  transmittance  which  is  100%  for  the  LED  emitting  light  having  a 
wavelength  of  660nm.  And  an  aging  effect  of  the  light  emissivity  indicating  no  degradation  after 

125°c,  lOOOhour  exposure. 

LSI  chip  and  bump  . 

Table  1  shows  the  specifications  for  the  LED  array  and  the  driver  IC  chips,  the  gold  bumps 

are  formed  by  electroplating  in  their  wafer  process. 

~sfe7?Sposited  on  the  sodium-glass  circuit  substrate  in  order  to  eliminate  effect  of 

sodium  contained  therein,  and  the  wiring  is  prepared  by  2.5  micron  thick 

considering  the  specific  resistance  and  the  cost.  The  size  of  the  substrate  is  236mmXl4mm.  with  a 

thickness  of  1.1mm. 

Consideration  on  process  Conditions  . 

Condition  for  narrow  chip-gap  hording  j  4.  -i.  u  Ko 

The  dot  pitetr  ir¥3:5~micr'ons  for  400  DPI  LED  printer  head,  thus,  this  dot  pitch  has  to  be 

realized  even  Ltween  each  dot  nesting  on  the  edge  of  neighboring  chip  and  this  means  that 

chip  must  be  placed  at  the  minimum  permissible  distance  of  approximately  10  microris. 

Fig  5  shows  the  flow-chart  for  this  narrow  chip-gap  bonding  where  the  chip  piessing 
performed  for  one  each  chip  and  the  UV  irradiation  is  conducted  for  only  a  half  portion  of  the 
pressed  chip  so  that  the  effects  of  excess  resin  oozed  out  sideways  toward  the  neighboring  chip  can 

be  minimized. 

Evaluation  of  Elpct.rical  Characteristics 

The  electrical  characteristics  of  modules  assembled  under  the  above  escri  e  con  i 
evaluated,  and  are  described  below. 

V-T  characteristics  of  LED  .  r-.  ^  i  •  u 

The  V-I  characteristics  of  LED  before  and  after  the  bonding  are  shown  m  Fig.  6  which 

shows  virtually  no  difference,  and  thus,  no  effects  on  the  contact  resistance  is  affected  by  the 

pressing. 

Light-emitting  characteristics  ....  j  ..u- 

Fig  7  is  measured  emitting  light  distribution  showing  very  little  light  spreading,  and  this 

shows  also  very  little  light  scattering  during  the  light  transmission  through  the  light-setting  resin 

and  glass  substrate. 

Heat  dissipation  n  j 

The  degree  of  tern p<Matu re.  rise  wlieii  all  r,a  LEDs  mounte,.  togct.-.cr  v.i..;  -A  ..river 

a  A-size  LED  array  head  are  energized  and  a  current  of  3  mA  is  fed  through  each  of  34., 6 
bonding  dots  at  a  same  time  is  measured,  and  found  it  was  le.ss  that  4!r<;  w..ic.i  is  consK.e:e<l 
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Emitting  light 
/  distribution 


'I'esl  ittfins 

Condition 

Failures 

High  lemprature  slrage 

125T  lOOOH 

0/240 

High  temprature  ' 

High  Humidity  strage 

85T  85^  lOnoH 

0/240 

'rhrrma!  shock 

.55T  125T  lOOcycles 

0/240 

Fig. 7  L  characteristics  o  d  u  r  i-  .  .1. 

1  able. 2  Results  of  reliability  tests 

satisfactory. 

Fabricafooti  Tesis. 

Experiment^:  fabrication  of  A-size  LED  array  modules  shown  in  photo  1  was  conducted  under 
the  above  rescribrc  process  condition,  and  bonding  yield  of  99.89c  was  obtained  after  approximately 
2000  LSI  mips  were  bonded.  Analysis  then  found  that  the  environmental  dusts  were  entirely 
responsibif  :cr  uiese  bonding  failures,  and  then  it  is  essential  to  perform  such  a  fine  bonding  work 
in  the  enylrcnmen:  of  improved  cleanliness. 

Reliability  evaiuation 


evaluation 


Thf  -esuits  of  bonding  reliability  tests  and  the  aging  effects  of  light  emission  characteristics 
were  found  satisfactory  as  shown  in  Table  2. 

CONCLUSION 

Ir  ^order  to  study  the  applicability  of  Micron-Bump  Bonding  method  on  the  optical  devices, 
the  mateiuiL  and  process  to  constitute  the  LED  arra\^  module  and  its  electrical  characteristics  and 
heat  dissipation  were  experimented  and  evaluated,  and  was  found  practically  applicable. 

Futu^  experiments  for  the  the  high  speed  device,  power  device  and  larger  chip-area  device  are 
scheduler.  f:r  extending  its  application  fields. 
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[ABSTRACT] 

High  density  memory  modules  have  been  fabricated  utilizing  a  new  LSI  interconnection 
method.  In  this  module,  a  new  LSI  chip  was  conceived  whose  bonding  pads  are  formed  on  the 
device  active  area.  This  LSI  chip  was  accomplished  by  an  on-device  multilayer  wiring 
process,  consisting  of  forming  a  polyimide  insulating  layer  and  thin  metal  film  conductor 
layers  (Ti/Ni/Au)  which  have  new  pads  for  connection. 

A  feasibility  study  has  been  carried  out  on  this  LSI  chip.  Defect  analysis  was  carried 
out  for  the  polyimide  insulating  layer  and  the  conductor  layers  to  establish  the  process  for 
this  LSI  chip.  The  influence  of  each  process  upon  the  device  characteristics  was  evaluated 
with  AC/DC  parameters  and  T.E.G.  parameters  at  4  steps  in  the  whole  process.  Five  kinds  of 
reliability  tests,  high  temperature  storage  test,  high  temperature  high  humidity  test, 
temperature  cycle  test,  high  temperature  operation  test,  and  high  temperature  bias  test,  were 
carried  out.  This  LSI  chip  sucessfully  satisfied  the  specifications  and  passed  the 
reliability  tests. 


[IXTRODUCTION] 


The  distribution  of  LSI  chips  and  wirings  is  not  so  flexible  conventionally  in  the  chip-on-board  (COB) 
technology,  since  the  design  for  interconnecting  vnrings  among  LSI  chips  depends  on  the  pad  layout.  Also, 
when  the  area  for  distributing  wirings  is  enlarged  with  an  increase  in  the  number  of  interconnecting  wirings, 
this  enlarged  area  interferes  with  the  LSI  chip  mounting  density.  These  two  factors,  poor  flexibility  and 
interference  with  the  density,  hinder  improving  the  semiconductor  packaging  density. 

Recently,  the  authors  have  come  to  a  satisfactory  settlement  of  these  problems  and  have  developed  a  new- 
packaging  concept.  We  have  also  fabricated  a  high  density  memory  module  utilizing  the  printed  wiring 
connection  (PWC)  method. [1]  In  this  module,  five  256  kb  SRAM  chips  are  embedded  flush  and  close  together  in 
.he  module  substrate.  Conductive  po^mier  paste  wirings  interconnecting  LSI  chips  are  formed  on  the  chips  bv 
screen  printing.  ^ 

A  high  density  memory  module  can  be  easily  accomplished  in  this  concept,  since  interconnecting  wirings 
occupy  only  a  confined  area  which  is  equal  to  the  total  chip  area.  Post-processing  was  found  to  be  required 
to  form  wirings  upon  the  LSI  chips  in  order  realize  this  high  density  module.  In  this  new  post-process 
bonding  pads  were  rearranged  on  the  device  active  area  so  that  the  pad  layout  would  be  suitable  for  high 
aensity  packaging.  These  pad  rearrangments  were  accomplished  by  an  on-device  multilayer  wiring  process, 
consisting  of  forming  a  polyimide  insulating  layer  and  thin  metal  conductor  layers  (Ti/Ni/Au)  which  have  new 
pa  s  or  connection.  The  size  of  these  rearranged  pads  was  expanded  nine  times  larger  than  the  original  pad 
to  tacilitate  screen  mask  alignment  in  the  PWC  method. 

This  paper  describes  the  process  for  pad  formation  upon  the  active  area  of  the  LSI  chip,  indicates  the 
t  aracterictics  and  reliability  of  the  post -processed  chips,  and  refers  to  the  degree  of  assembling  area 
snrinkage  compared  with  conventional  COB  technology. 


[BACKGROUND] 

Interconnecting  wirings  among  LSI  chips  are  conventionally 
ormed  between  the  LSI  bonding  pads  and  secondary  bonding  pads 
the  printed  circuit  board.  Because  these  wirings  are  formed 
around  the  chips,  it  is  necessary  to  use  a  large  area  to 
interconnect  among  LSI  chips. 

Figure  1  shows  the  area  for  the  chips  and  their 
interconnecting  wirings  in  the  method  using  conventional  COB 
nchnology.  As  shown  in  this  figure,  LSI  chips  are  mounted  so 
nat  they  are  separate  from  each  other  with  a  space  D,  and 
interconnecting  wirings  are  formed  around  the  chips  with  width 
The  total  interconnecting  wirings  area  for  packaging  is 
several  times  larger  than  the  area  for  the  chips  described  by 
following  equation. 

Sw  n{WM+D(W4^L)) 

Sc  nLM 

L,M  :  chip  si7.<* 


Ralio  of  interconnecf  ing  wiring 
area  to  chip  area 

gw  ^  nfwM*otw*L)l 
^  *  Sc  *  nLM 


L.M:  chip  size 
0 :  chip  space 
W  ‘  wirit)g  width 
n  •  number  of  chips 
Sw'oreafbr  inter¬ 
connecting  wirings 
'  chip  orcG 


FIG.  I  Area  for  interconnecting  omong  LSI  chips, 
in  the  method  using  COB  technology 
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the  wiring  width  (depending  on  tlic  numh(*r  of  wirings)  and  to  the 
number  of  mounted  chips.  This  extra  but  ind i s[)ensHb j e  area  for 
interconnecting  among  LSI  chips  interferes  witii  Uie  device 
mounting  density  when  the  number  of  mounted  chips  are  increased. 

Recent }y,  the  authors  have  develo[)ed  a  high  density  memory 
module  employing  a  new  concept,  as  shown  in  Fig. 2.  In  this 
concept.  LSI  chips  are  mounted  flush  and  close  together  on  the 
module  substrate,  and  interconnecting  wirings  among  the  LSI 
chips  are  formed  in  plural  parallel  lines  on  the  active  area  of 
the  chips.  In  this  method,  the  area  for  packaging  can  shrink  as 
far  as  the  total  area  for  the  chips,  since  tlie  interconnecting 
wirings  among  the  LSI  chips  are  formed  on  the  device  active 
area.  A  new  LSI  chip  with  rearranged  pads,  as  shown  in  Fig. 3. 
was  required  to  form  the  interconnecting  wirings  on  the  device 
active  area.  In  this  new  device,  tliese  rearranged  pads  arc  nine 
times  larger  than  the  original  pads  on  the  device  active  area  to 
facilitate  the  alignment,  and  the  pad  layout  is  suitable  for 
on-device  wiring  formation.  However,  when  i litorconnect  wirings 
among  the  LSI  chips  are  formed  on  a  device  active  area,  it  is 
important  to  consider  the  effect  of  any  damage  to  the  devices 
under  the  rearranged  bonding  pads.  Tlie  device  characteristics 
will  be  changed  if  a  high  power  and  high  temperature  technique, 
such  as  wire-bonding  or  the  TAB  method  was  used  to  interconnect 
these  chips.  The  previous  report  indicated  that,  using  this  PWC 
method,  LSI  chips  would  be  connected  with  each  other  without 
damage,  because  the  interconnecting  wirings  among  LSI  chips  are 
formed  at  low  temperature  and  with  no  force.  Further  more,  this 
method  is  expected  to  have  the  following  advantages, 

(1)  A  smooth-surface  can  be  easily  fabricated,  since 
interconnection  is  formed  by  flat  wirings. 

(2)  It  is  possible  to  reduce  packaging  cost  .since 
interconnections  are  formed  sinii  J  t  aneous )  y  .irrespective  of  the 
number  of  LSI  chip  bonding  pads. 

(3)  The  packaging  cost  is  much  lower  than  that  for  conventional 
packages,  which  are  made  by  TAB  or  the  wire-bonding  method. 

Figure  4  shows  a  top  view  of  a  high  density  memory  module 
and  its  new  LSI  chips  tliat  are  fabricated  with  this  new 
packaging  concept . 


(EXPERIMENTAL! 

[1]  Rearranged  pad  formation 

The  post -process  for  tlie  new  pad  formation  is,  in  general, 
realized  by  the  following  four  process  steps.  Tlie  first  step  is 
the  formation  of  a  polyimide  insulating  layer.  Second  is  a 
pretreatment  before  deposition  for  the  conductor  layer.  The 
third  step  is  conductor  layer  formation  including  the  rearranged 
pad.  The  final  step  is  annealing  process.  Tiie  process  sequence 
is  shown  in  Fig. 5. 

11-11  Polyimide  insulating  film  formation 

First  of  all,  a  pliotcjsensi  t  i  ve  poJyjiinde  precursor.  "Toray 
Photoneece  3140”,  was  spin  coated  onto  a  prt'pared  250  kb  SRAM 
wafer  at  3000  rpm  for  30  seconds  at  25  T,  and  was  preliaked  at  80 
V  for  30  minutes.  Then,  "Toray  Pilot oneece  3140”  was  exposed, 
using  a  contact  exposure  system.  The  development  process  and 
the  rinse  process  was  accomplished  by  batcii  immersion  ultrasonic 
application.  The  developer  was  "Photoneece  developer  I)V-505" 
and  the  rinser  was  isopropyl  a Icohol .  Tin*  postbake  was 
accomplished  by  baking  for  30  minutes  at  150 T.  30  minutes  at 
250  *C  and  for  30  minutes  at  400  'C  in  nitrogen.  The  polyimide 
insulating  layer  was  thus  formed. 


Interconnecting  wiring 


LSI  chip 


Areo  for  interconnecting 
omong  LSI  chips 


Ratio  of  interconnecting  wiring 
area  to  chip  area 

Sw  ^  nLM  L.M>  chip  size 

Sc  "  nLM  "  n  1  number  of  chips 

Sw  •  area  for  Inter¬ 
connecting  wirings 
Sc  =  chip  oroa 

FIG.  2  Area  tor  interconnecting  omong  LSI  chips, 
in  the  method  using  new  concept 
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FIG  3  Top  ond  cross  sectional  views  of  LSI  chips 


FIG. 4  Top  view  of  high  density  memory  module 
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Polyimide  formation 


“Photoneece  3140“  spin  coat 
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Deposition 
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Plosmo  etching 
Al  light  etching 
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Conductor  loyer 
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(1-2]  Bret  reatment  before  deposition  FIG.  5  Process  sequence  for  pad  formatio 

Plasma  <‘t.ching  was  accomplished  before  the  the  (li'position 
proc<‘ss  for  a  coiulurlor  layer  lo  lemovo*  any  po\  iiiiide  residue 
remaining  on  tin*  Al  bonding  pads.  A  sJiglil  Al  etching  was 
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out  t.o  r<’in()V4^  t  he  Al  oxide  l.i  !m  on  :  !>:■  iXMidni-.;  '.viiiei; 

fi)rme<i  wh<Mi  the  wafer  was  !)urned  at  liij^h  t  <'ni|)*M  at  ure .  Here,  tin*  A! 

|)otidinK  composed  of  an  Al  alloy,  A  I  r‘..S  i  .  r>H.(;u . 

II  :)}  Conduetor  layer  formation 

The  conductor  layer  including  the  rearranged  pads  was  composed  of 
Xi ( lOOOA) /Ni (3000A) /Au(5000A) .  Here,  the  Ti  layer  was  used  as  adhesive 
material,  the  Ni  layer  was  the  barrier  metal  between  the  Al  layer  and  the 
Au  layer,  and  the  Au  layer  was  used  as  contact  metal  with  the  polymeric 
p.aste.  These  layers  were  deposited  by  the  E-gun  evaporation  method  with 
KVC  700B  (ANELVA) .  Then,  the  layers  were  patterned  with  the  etchant  shown 
in  Table  1.  In  the  final  process,  the  devices  were  annealed  at  380  "C  for 
:\0  minutes  in  nitrogen  atmosphere. 

|2I  Interfacial  analysis 

The  interface  Al/Ti/Ni/Au  layers  were  analyzed  by  Auger 
t»lectron  spectroscopy  (AES),  thin  film  X-rav  diffraction  (XRD), 

X  ray  phot spectroscopy  (XPS),  and  an  electron  probe 
microanalyzer  (EPMA) .  Diffusion  profiles  were  analyzed  with  the 
Ar  ion  sputter  etching  technique  in  AES,  and  the  thin  surface 
layer  crystal  structure  was  analyzed  with  the  low  angle  X-ray 
irradiation  technique  in  XRD.  The  identification  of  polyimide 
r<*sidue  on  the  Al  bonding  pad  surface  was  analyzed  by  XPS.  and 
the  factors  corroding  Al  bonding  pads  were  analyzed  with  EPMA. 

(31  Device  characteristic  evaluations 

AC/DC  parameters  and  T.E.G.  parameters  were  measured  to 
evaluate  the  influence  of  each  process  upon  tlie  device 
characteristics.  The  whole  process  was  composed  of  4  steps. 

First  a  polyimide  insulating  film  was  formed.  Ne.xt .  plasma  etching  was  carried  out,  a  conductor  layer  was 
formed  and  finally  an  annealing  process  was  carried  out.  These  parameters  were  measured  as  shown  in  Table  2. 

Be-Cu  probe  pins  were  used,  when  probing  the  rearranged  pads,  to  avoid  damage  to  the  devices  under  the 
rearranged  pad.  A  memory  tester  T3331B-T5  (ADVAN‘TEST)  was  used  for  the  AC  DC  parameter  measurement  at  0.5  V 
interval  step  loops,  using  the  Row  Fast  Scan  March  as  a  test  pattern  at  room  temperature.  T.E.G.  parameters 
were  measured  with  a  semiconductor  parameter  analyzer  (YHP). 


TABLE  2  Measurement  items  for  device  characteristics 
T.E.G.  parameters  AC/ DC  parameters 


Characteristics 

Symbols 

Characteristics 

Symbols 

Vth  N  4/12 

NchVth 

Stonciby  current 

IDOS 

Vth  P  42/12 

Pch  Vfh 

Operating  current 

IDDO 

VpT  N  100/1.5 

Nch  VpT 

Address  occess  time 

tACC 

loo  N  4/l2(N0R) 

Nchloo 

(NOR) 

OE  access  time 

tOE 

[oo  N  4/l2(REV) 

Nch  loo 
(REV) 

CE  access  time 

tco 

loo  P  42/12 

Pch  Ido 

Power  supply  voltage 
Max.  Min. 

VoD  Max 
VoD  Min. 

TABLE  I  Efchanr  for  Ti/Ni/Au 


Material 

Etchont 

Temperature 

Au 

Kl 

l2 

HaO 

40  g 
lOg 
40ml 

20°C 

Ni 

CH3OH 

HCl 

CuSOa 

H2O 

750ml 
750  m! 
I50g 
750  ml 

20«C 

Ti 

NH3 

HzOz 

EDTA 

H2O 

70ml 
lOOm! 
9.2  g 
400ml 

60“C 

14]  Reliability  test 


TABLES  Reliability  test  items  and  conditions 


Five  kinds  of  reliability  tests,  high  temperature 
storage  test,  high  temperature  high  humidity  test, 
temperature  cycle  test,  high  temperature  operation  test, 
and  high  temperature  bias  test  were  carried  out  under  the 
condition  shown  in  Table  3.  Differences  in  the  tested 
AC/DC  parameters  and  T.E.G.  parameters  from  their  initial 
values  were  measured.  The  number  of  defectives  were 
measured  from  the  difference  between  the  initial  value  and 
the  final  value  in  the  reliability  test.  The  criteria  for 
defects  were  defined  as  indicated  in  Table  4  to  decide  the 
acceptability  of  the  device. 


[RESULTS  AND  DISCUSSIONS] 

[1]  Polyimide  insulating  layer 

Table  5  shows  the  characteristics  for  the  polyimide 
insulating  film  used  in  this  study.  Impurities  contained 
in  the  films  which  affect  the  device  characteristics  were 


Type 

Test  items 

Content  and  condition  of  test 

High  temperature 
operation  test 

Apply  electrical  stress  and  thermal  stress 
to  elements  for  extended  period. 

Device  durability  determinded  for  To=!25®CJ4)tr^V 

Life  time 

High  temperature 
storoge  test 

Ability  to  withstand  heat  when  stored  under 
high  temperature  for  extended  period 
determined  for  Ta=l50®C 

test 

High  temperature 
high  humidity 
storoge  test 

Ability  to  withstand  high  temperature  and 
high  humidity  for  extended  period 

Tq  =  85‘’C,  RH=85% 

High  temperature 
bias  test 

Apply  electrical  stress  and  thermal  stress 
to  elements  for  extended  period. 

Device  durability  determined  for  To=l25'*C.\^)o=60V 

Environ¬ 

mental 

test 

Temperature 
cycle  test 

Ability  to  withstand  cyclic  low  temperature 
and  high  temperoture  determinded  for 

-55“C'-25‘»C  -I50"C~25X 

(30min)(5min}  (30 min)  (5mjn) 

- one  cycle  — - ^ 

less 


than  ppm  order.  Especially  uranium  was  less  than  ppb  order.  As  table 4  Foiiure  cnteria  spec, fication  for  sram devices 


the  impurities  were  of  an  extremely  small  amount,  this  polyimide 
was  considered  satisfactory  for  use  in  semiconductor  devices. 

Although  a  polyimide  insulating  film  on  phosphorus  silicate 
glass  (PSG)  was  formed,  except  for  Al  bonding  pads,  some 
polyimide  residue  usually  remained  on  the  Al  bonding  pad 
surface,  because  a  photosensitive  polyimide  precursor  reacts 
with  aluminum.  An  abnormal  resistance  exsists  between  the  Al 
bonding  pad  surface  and  the  conductor  metals  when  the  polyimide 
residue  remains  on  the  Al  bonding  pad  surface.  Therefore,  it  is 
important  to  remove  the  polyimide  residue  from  the  A I  bonding 
pad  surface.  Figure  6  shows  an  analysis  by  XPS  to  confirm  the 
plasma  etching  effect  in  removing  the  polyimide  residue  from  the 
Al  bonding  pad  surface  when  the  polyimide  insulating  film  was 
formed.  Polyimide  lias  ar.  Xl.,  peak  at  400  cV  whix.h  indical,-.  .in 
iraide  structure.  The  idem  i  f  icat ion  of  polyimide  can  be  judged 
from  whether  or  not  this  pj*{.u!i;ir  peak  exist.  Spectrum  #{  viic'ws 


Measurefnent  conditions 
(To-aS^C) 


(T<..25°C 

IDOS  CE=Voo-02V.M)d 

Vdo=5.5V,  CE=Q2V 
Mini,  cycle 

VoD=5VtlO%. 

Morching  pottem 

"  Voo*5VtlO%. 

Marching  pattern 

Voo*5VilO%. 

Marching  pattern 

Vp.n  Morctiinu  pgllcro 


1  Criteria  ] 

Minimum 

MQXjni».»n 

— 

50/iA 

— 

45mA 

— 

IZOnS 

— 

70  nS 

— 

l20nS 

/,  c;  \  / 

1 

1 
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t  1m‘  AI  bomi  iiifc!  p.ul  :.urf  acf  l>f'f  orf  i.Jip  polyimide  fiJm  was  formed. 

The  pojvtHiiiU  suj  j.ioe  was  shown  as  spectrum  #4  for  reference. 
.Sped I  util  sltnws  the  analysis  resuit  for  the  AJ  surface  when 
its  surface  was  not  etched  by  plasma.  In  this  spectrum,  it  is 
clear  that  the  polyimide  lesidue  remained  on  the  Al  hondinj:  pad 
surface,  as  the  Nls  peak  appeared  at  400  eV  resulting  in  an 
imide  structure.  Spectrum  #3  shows  the  result  after  plasma 
etching.  The  polyimide  residue  was  removed,  since  the  Nls  peak 
disappeared.  These  spectra  show  that  the  plasma  etching  process 
is  an  effective  method  to  remove  polyimide  residues. 

Figure  7  shows  the  relation  between  the  polyimide  residue 
quantity  on  the  Al  bonding  pad  and  contact  resistance  which 
arose  between  the  Al 
bonding  pad  and 
conductor  metal  layer. 

Here,  polyimide  residue 
quantity  was  defined 
from  the  Nls  peak 
intensity  in  XPS 
normalized  by  the  A12p 
peak  intensity.  And  the 
contact  resistance  was 
measured  by  the  4  point 
probe  method  to  neglect 
the  resistance  in  the 
measurement  system.  It 
is  obvious  from  this 
figure  that  increasing 
the  Nls  peak  intensity 
increase  the  contact 
resistance  value. 

These  two  facts 
show  that  there  is  some 
polyimide  residue  on  the 
Al  bonding  pad 
immediately  after 
polyimide  films  are 
formed  causing  abnormal 
resistance  between  the 

Al  bonding  pads  and  the  contact  layers.  Also,  if  plasma  etching 
was  carried  out,  this  residue  would  be  removed  and  the  contact 
resistance  would  decrease  to  a  range  sufficient  to  satisfy  the 
operating  characteristics. 


Binding  Energy 

FIG. 6  XPS  profile  on  Al  bonding  pod  surface 


[2]  Ti/Ni/Au  conductor  layer 


Figure  8  shows  the  depth  profile  for  some  elements  at  the 
Al /Ti/Ni/Au  interface  determined  by  AES.  As  shown  in  Fig  8, 
AJ/Ti,  Ti/Ni,  and  Ni/Au  diffuse  with  each  other  a  little,  but 
the  AJ  and  Au  layers  were  clearly  separated  within  the  AES 
detective  range.  If  Al-Au  diffused  with  eaclt  other, 
intermetal  1 ic  compounds,  well-known  to  increase  the  contact 
resistance,  will  be  formed  due  to  anneal ing . [ 2 ] . { 3 J .  Figure  9 
shows  X-ray  diffraction  patterns  by  XRD  to  confirm  that  no 
intermetal 1 ic  compounds  were  formed.  Patterns  indicated  in  this 
figure  show  that,  an  int ermet al 1 ic  compound  AlAu  was  formed, 
this  intermetal  1 ic  compound  does  not  cause  an  abnormal  increase 
in  resistance.  And  contact  resistance  value  was  sufficient  to 
form  a  conductor  layer.  On  the  other  hand,  if  Cr/Au  was  used 
for  the  conductor  layers  intermetal  1 ic  compounds  which  caused 
abnormal  increase  in  resistance  was  formed  because  Au  diffused 
through  the  Cr  layer  to  the  AJ  layer.  These  facts  show  tliat.  if 
Ti/Ni/Au  was  used  for  the  conductor  layer  composition,  there 
would  be  no  problem,  because  Ni  sets  up  a  sufficient  barrier  to 
avoid  Al-Au  intermetal  1 ic  compounds. 

[3]  A  standard  design  for  pad  formation 

Al  bonding  pad  corrosion  often  occurred  when  the  conductive 
metal  layer  were  patterned.  This  corrosion  caused  contact 
failure  between  the  surface  of  an  Al  bonding  pad  and  conductor 
layers.  It  is  important  to  clarify  how  corrosion  occurs  to 
obtain  high  process  yields.  Table  G  shows  the  X' ray  intensity 
values  analyzed  by  EPMA  for  all  the  elements  detected  in  this 
area,  normalized  by  phosphorus  which  was  doped  in  PSG.  Comparing 
the  X-ray  intensities  of  Al .  Si.  and  Cu.  composing  the  Al 
bonding  pads,  for  the  corrosion  area  and  the  reference  area,  the 
X-ray  intensity  in  the  corrosion  area  was  smaller  than  in  tlte 


Tables  polyimide  film  characteristics 


Impurity  content  Element 

Unit 

Measurement  value 

No 

ppm 

0.05 

K 

« 

0.07 

Cl 

M 

0.4 

U 

ppb 

less  than  0.01 

Thermal  property  Item 

Unit 

Measurement  volue 

Coefficient  of  |/o^ 
thermal  exponsion 

4*10'® 

Electrical  property  Item 

Unit 

Meosurement  value 

Dielectric  constant 

3.2 

(lkH2.25®C) 

Volume  lesistivity  H  em 

1.3x10'® 

Surfoce  resistivity 

H 

10'® 

FIG.7  Relationship  between  contact  resistance 
and  polyimide  residual  quantity  on  Al 
bonding  pod  surface 


FIG  8  Element  profile  by  Auger  electron  spectrometer 
at  Al/Ti/Ni/Au  interfoce 


FIG. 9  XTOy  ditfroction  pottern  at  Al/Ti/Ni/Au  interfoce 
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prl't’riMK't' 
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TABLES  X-ray  intensity  normatizod 
by  P  doped  in  PSG 


Element  a  line 

Intensity 

Refference  area 

Al  Ka 

29.86 

Si  Ka 

20.19 

P  Ka 

1.00 

Cu  Ka 

0.50 

Corrosion  area 

Al  Ka 

7.40 

Si  Ka 

12.52 

P  Ka 

1.00 

Cu  Ka 

0.46 

fact  supports  tlie 

(  n't  that.  LuiiUro  is  causeti  by 

A I  bonditp;  pad  corrosion.  And  the 
ta<'t.or  that  corrodes  A1  was  the  Ti 
•t chant,  because  the  element  detected 
tT'otn  this  area  did  not  include  iodine 
or  copper,  which  are  components  in  the 
Au  and  Ni  etchant. 

The  mechanism  for  Al  bonding  pad 
('orrosion  is  considered  as  follows.  As 
iiescribed  in  Fig.  10,  if  Ti  was 
over -etched  near  the  Al  bonding  pad, 
when  the  conductor  layer  were 
patterned,  the  A I  bonding  pad  would  be 
,'orroded  by  the  Ti  etchant  intruding 
into  it.  This  consideration  is  based 

on  the  fact  that  Ti  has  a  tendency  to  be  over-etched  by  the 

octant . 

Figure  11  shows  tlie  relation  between  the  corrosion 
occurrence  rate  and  design  parameters  which  are  for  tlie  ori: 

Al  bonding  pads  to  prove  whether  the  mechanism  is  proper  or 
And  these  parameters  are  the  opening  length  of  PSG  S  and 
polyimide  film  P,  and  width  of  conductor  layers  M.  As  shown  i 
Fig. 11  ia  the  case  of  S-lOOum,  it  is  possible  to  avoid  Al 
bonding  pad  corrosion  if  P=80  urn  was  adopted  by  preventing  the 
Ti  etchant  into  the  Al  bonding 
pad.  And  if  the  parameter  P  was 
lOOum  or  90um,  there  exsisted  some 
A I  bondind  pad  corrosion. 

Therefore  the  design  parameters 
have  the  following  relations  in 
this  structure 


inal 
not . 


M>S>P-80  um 


}  Before  etching 
Etching  resist 


]  Ti/Ni/Au 
—Polyimide 


Al  bonding  pad 

(2)  After  etching 
Etching  resist 
/ 


Ti  etchant  intruding 


Polyimide 


^PSG 


Al  tvinriinn  ood 


Corrosion  area 


FIG.  10  Al  bonding  pad  corrosion  mechanism 


Polyimide  film  opening  width 
PSG  opening  width 
Conductor  layer  width 


FIG.l  I 


Polyimide  film  opening  widfh(^im) 

Corrosion  occurence  rate  depending 
on  design  parameter 


(4}  Influence  upon  device  characteristics 


Figure  12  shows  the  NchVth  value  which  is  typical  for  T.E.G. 
parameters  measured  during  the  process.  This  value  equaled  the 
initial  value  during  the  process  of  polyimide  film  formation  and 
plasma  etching.  This  value  shifts  out  of  the  definite  value 
during  the  conductor  metal  formation  process.  This  phenomenon 
may  be  caused  by  radiation  damage,  when  conductive  matal  layer 
was  deposited  by  E-gun  deposition.  When  the  device  was  annealed 
at  380  "C.  the  NchVth  value  shifted  into  the  original  value  once 
again.  Figure  12  also  shows  the  standby  current,  typical  for 
AC/DC  parameters  at  the  same  process  steps  of  the  T.E.G. 
parameters.  This  shifted  down  a  little  as  the  process 
progressed  through  the  steps  but  there  was  no  problem  for  normal 
operation.  Other  T.E.G.  and  AC/DC  parameter  values  do  not  shift 
during  each  process  step. 

f5J  Probing  the  rearranged  pads 


Variation  in  NchVjh  on  process 


Process  sequence 


Table  7  shows  the  difference  between  the  AC/DC  parameters 
measured  for  the  Al  bonding  pads  and  on  the  rearranged  pads. 

The  measurement  values  TABLE?  AC/OC  parameter  difference  between 

were  mean  values  for  10  Original  Al  bonding  pods  and  reorranged  pads 

chips  which  were  selected 
2  chips  each  at  5  points 
in  one  wafer.  Comparing 
th(!  measured  values  for 
the  Al  bonding  pads  and 
those  for  the  rearranged 
pads,  no  differences  and 
no  problems  in  the 
specification  were  found. 

This  result  shows  that  the 
post -processed  devices  can 
be  used  as  LSI  chips  for 
high  density  memory 
modules. 


Symbols 

Original  Al  bonding  pod 

Rearranged  pad 

CVool  4.0V  5.0V  6DV 

CVW  4.0V  5.0V  6DV 

lODSt/JXl 

0.460  0fi74  1.096 

0456  0674  1094 

IDDOImA) 

22.70  33.30  41.96 

2353  35.08  4^98 

tACC(nSl 

87.8060.02  5420 

88.006Q40  5580 

tCO  (nS) 

92.00  62.40  5460 

92.406340  5580 

tOE  InS) 

65.50  3970  31.00 

6560  3890  31.00 

VdoMox.(V) 

2.72 

2.72 

VooMialV) 

9.310  j  9.270  j 

Variation  in  standby  current  on  process 


Process  sequence 


FIG.l 2  Device  characteristics  affected  by  process 
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[r>]  HrJ  i.ihi )  it y  1  ost 


The  results  of  tests  carri<*d  oui  m  .i.  i  o?  d.uK c 
with  the  conditions  for  the  reJiahiJity  lest  afid 
defect  criteria  mentioned  above  are  listed  in  Tal)Je  «. 

Although  tlie  strict  criteria  for  the  i rn?iment  test 
and  life  test  are  established  on  the  basis  of  i he 
above-mentioned  maximum  rates,  there  were  no  device 
degradaitions  beyond  the  defect  criteria.  Each  device 
maintained  stable  properties,  which  indicate  iiigli 
reliability  of  the  device. 

It  is  also  necessary  to  check  how  the  electrical 
properties  change  or  how  the  range  of  values  for  the 
entire  samples  change,  even  if  they  are  within  the 
defect  criteria,  with  the  passage  of  time  in  the  life 
test,  and  also  before  and  after  applying  each 
environment  stress  in  the  environment  test.  There 
were  no  defects  in  the  AC/DC  parameters  and  T.E.G. 
parameters  with  the  passage  of  time.  Figure  13  shows 
a  result  typical  for  these  two  parameters  showing 
their  changes  in  value  with  time  in  the  reliability 
test . 


iAy!_Ei3  MeiKimiuy  test  rssuli  for  nsw  device 


I  Test  items 

1 

Conditions 

Sample 
o'  tv 

I 

Test 

time 

Total 

timc,6<jt 

F--OftV 

No  of 
defective 

Percent 

defective 

XnO*hour] 

High  temperoture 
operotion  test 

To  -IJS'C 
VoD  *601/ 

10 

lOOOH 

0.95x10* 

0 

0096 

High  temperature 
storage  test 

To  •  150'C 

86 

lOOOH 

32«I0* 

0 

0.003 

High  temperoture 
high  humidity 
storoge  test 

To  '  85‘C 

RH  =  e5% 

85 

lOOOH 

— 

0 

— 

High  temperature 
bias  test 

To*l25”C 
Voo  *601/ 

10 

lOOOH 

0,95kI0' 

0 

0.096 

Temperoture 
cycle  test 

(30)  (S)  (50)  (5) 

one  cycle 

54 

300cycle 

— 

0 

— 

(n 


o 

u 

< 


168  500 

Time  (Hour) 


1000 


FIG.  13  Periodte  voriotion  in  oddress  access  time 
by  high  temperoture  sforoge  test 


(CONCLUSIONS] 

A  new  LSI  chip  was  developed  in  which  bonding  pads  were 
rearranged  suitably  for  high  density  packaging.  Conclusions  are 
as  follows. 

(1)  Some  polyimide  residue  remaining  on  the  Al  bonding  pad 
surface  caused  an  abnormal  resistance  between  the  Al  bonding 
pads  and  contact  metal  layers.  This  residue  was  able  to  be 
removed  when  plasma  etching  was  carried  out.  Plasma  etching  is 
an  effective  method  to  remove  the  polyimide  residue  from  the  Al 
bonding  pad. 

(2)  Ti(1000A)/Ni(3000A)/Au(5000A)  was  used  as  conductive 
metals,  because  Ni  causes  sufficient  barrier  to  avoid  Al-Au 
intermetal 1 ic  compounds. 

(  )  The  design  parameters  for  the  polyimide  insulating  layer  and  conductive  metal  layer  was  established  as 
follows,  to  obtain  high  process  yields.  estaniisned  as 

.^1>S>P=80um.  if  S=100um 

NchVth  value  which  is  one  of  the  device  characteristics  will  be  changed  easily  by  radiation  damage 

Stherr'E  G  "or^AG^r  ®  and  other  characteristics  to  their  normal  values  by  annealing.  And 

her  T.E.G.  or  AC/DC  parameters  did  not  change  their  values  during  the  process 

parameter  measurements  for  the  Al  bonding  pads  and  for '  rearranged  pads,  no 
ference  was  found  between  them  in  the  specification  and  there  was  no  problem.  This  result  shows  that  the 
post  processed  devices  can  be  used  as  LSI  chips  for  high  density  memory  modules 

rh  AG/n^  ‘degradations  beyond  the  defect  criteria,  and  no  defects  with  the  passing  of  time  in 

the  AC/DC  parameters  and  T.E.G.  parameters  from  the  results  of  tests  carried  out  in  accordaLe  with  the 

Tn6irlr\  I  ^he  reliablity  test  and  defect  criteria.  Each  device  maintained  stable  pr^ertier  whLh 
indicates  high  reliability  of  the  device.  i 
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A3STRUCT 


We  have  developed  the  COG  (Chip  On  Glass)  technology  for  large  capacity  and 
high  resolution  LCD.  Recent  advances  in  lap-top  computer’s  have  increased 
demand  foi’  LCD  displays  with  full  color'  capacity,  increased  resolution  and 
nioT'e  pixels.  Additionally  ,  LCD  packaging  requires  a  fine  pitch  packaging 
iiiethod.  We  have  developed  COG  to  meet  the  requir'ements. 

In  the  COG  structure  ,  the  1C  is  bonded  directly  to  the  glass  substrate  by 
means  of  inter’ connections  between  Al  pads  on  the  IC  and  coi’i’esponding  elect¬ 
rodes  on  the  panel.  Electric  conductive  pai'ticles  are  placed  between  the 
pads  and  the  electrodes.  The  Al  pads  IC  have  the  following  specifications  : 
size  8.  80x5.  82mm;  pad  size  102x10 O.iim;  minimum  pad  pitch  134/im:  135  I/O  pins. 
The  IC  was  bonded  directly  to  the  panel  in  a  face  down  position.  The  IC  and 
the  panel  were  fixed  using  an  adhesive,  which  results  in  the  easy  replacement 
of  faulty  IC.  The  wiring  pattern  of  the  I  TO  electrodes  at  the  connecting 
area  were  plated  with  Ni.  Additionally,  the  input  lines  were  plated  with  Au. 
Tlie  effect  of  these  steps  was  to  lower’  the  resistivity  of  the  input  lines. 

We  have  developed  a  full  color  LCD  module  using  this  technology  with  appro¬ 
ximately  12  inch  diagonal,  and  640x3  (R,  G,  B)x480  dots,  with  a  pattern  pitch  of 
130>am.  24th  driver*  ICs  are  packaged  12  to  a  side  on  the  top  and  bottom  edges 
01  the  module. 


1.  Introduction 

Recently , Liquid  Crystal  Display(LCD)  has 
been  widely  found  for  applications  in 
display  terminals  of  business  machines, 
word  processor,  PC  (personal  computer),  OA 
(office  automation),  TV  (television),  AV 
(audio  visual) .  Several  measuring 
equipments  needs  to  be  made  thinner, 
lighter  weight,  and  lower  power  supply. 
Because  there  has  been  a  great  demand  for 
LCD  with  improved  display  quality,  high 
density,  large  capacity  display,  and  there 
is  very  thin  in  pitch  of  LCD  pattern. 

TAB  (Tape  Automated  Bonding)  technique  is 
now  a  popular  technology  for  LCD  assembly. 
The  pitch  of  outer  leads  is  about  200  ju  m. 
When  increasing  number  of  LCD  dots  and 
density,  the  pitch  becomes  about  100/i  m, 
and  tape  manufacturing  becomes  very 
difficult.  For  the  solution  of  these 
problems,  COG  technology,  which  is  the 
technology  of  assembling  bearing  chip 
directly  on  LCD  panel,  has  become 
indispensable . 

There  are  some  problems  of  COG  technology 
r)ow ,  such  as  long  time  spent  for  bonding 
and  preparation  for  special  IC’s  and  etc.. 
Ihe  problems  forced  the  technology  use 
wire  Bonding,  Face  Down  Bonding  with  Au 
bumped  ICs.  So  we  have  developed  the  new 
^OG  technology,  which  is  the  solution  of 
several  problems  and  also  is  lower  in  cost 
and  high  in  reliability. 

Structure 

In  the  COG  technology  i  TC  is  bonded 


directly  to  the  panel  in  a  face  down 
position.  Figure  1  shows  the  structure  of 
the  COG  packaging  technology  which  is 
developed  by  us.  It  is  necessary  to  have 
13mm  in  length  from  the  edge  of  the  panel 
for  bonding  ICs, shown  Fig.l.  It  is 
possible  to  scale  to  down  less  than  10mm 
for  the  packaging  area,  if  the  specific  IC 
is  applied  to  it.  Flexible  Printed  Circuit 
is  connected  on  the  panel  with  Anistropic 
Conductive  Films  to  connect  the  panel  to 
the  circuit.  The  bonding  method  of  the  IC 
are  as  follows. 


3.  Experiment 

1)  Decrease  of  the  resistance  at  input 
1  ine 

The  input  resistance  of  the  driver  IC 
should  be  reduced  to  about  0.2Q/D,  but  in 
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Fig.  2  Process  of  COG 


the  case  of  COG  we  use  ITO  line  as  the 
input  line  that  has  more  resistance  value 
than  we  are  required  as  the  input  line. 
The  resistance  of  ITO  on  the  panel  isl5Q/D 
at  least.  This  value  of  resistance  may 
cause  the  prolongation  of  the  rise  time. 
In  order  to  reduce  the  resistance  of  ITO 
input  lines,  we  plated  Au/Ni  on  the  ITO 
input  lines.  The  thickness  of  Au/Ni  is 
about  lOOO/SOOOA,  and  the  sheet  resistance 
is  reduced  to  0.2QXO. 


2)  Connection  between  IC  pads  and  the  LCD 
panel 

We  use  a  ordinary  A1  pads  IC  in  stead  of 
a  Au  bumped  IC.  By  using  a  ordinary  A1 
pads  IC,  it  is  possible  for  us  to  apply 


PARTICLES 


COG  technology  to  various  kinds  of  ICs  and 
get  ICs  at  lower  price  than  that  of  Au 
bumped  IC. 

As  a  conductive  particle, it  should 
restore  to  the  original  state  after  the 
compression,  and  should  have  very  little 
deviation  in  diameter.  Actually,  we  have 
chosen  the  metal  coated  resin  ball  as  a 
conductive  particle.  Its  diameter  is  7.5// 
m  with  the  range  of  il//  m. 

Table  1  shows  the  maximum  current  and  the 
maximum  voltage.  Fig. 3  shows  the  way  to 
test  the  maximum  current  and  the  maximum 
voltage . 

We  have  defined  the  maximum  current  and 
the  maximum  voltage  as  the  voltage  and  the 
current  that  break  conductive  balls. 

From  Table  1  ,  Au-coated  resin  balls  can 

do  3  times  as  much  current  as  Ni-coated 
resin  balls.  Therefore  we  select  Au~coated 
resin  balls  as  conductive  particles. 

3)  Repairability  (Replacement  of  the 
device ) 

There  are  24  bonded  ICs  on  each  LCD 
panel s , therefore  the  repairbility  of  the 
IC  is  indispensable  to  such  a  multichip 
packaging. 

We  examined  the  repairbility  of  the 
bonding  which  required  thermosetting  type 
and  thermoplastic  type  adhesive. 

Fig. 4  shows  the  way  to  replace  the  IC. 
First,  press  the  tool  to  a  faulty  IC  and 
heat  the  tool  to  400 *0. 

Next,  after  the  adhesive  becomes  fragile 
with  heat,  press  the  faulty  IC  from  its 
side  and  slide  and  remove  it. 

In  evaluating  the  replacement  method 
mentioned  above,  it  is  found  that  the  both 
type  of  the  adhesive  that  has  good 
repairability  and  easy  to  replace  the  ICs. 

4 .  Reliability 

To  prevent  the  LCD  panel  from  the  heat 
damage,  we  have  developed  a  low 
temperature  packaging  process  as  wc 
described  and  ensured  the  reliability  of 
the  packaged  LCD  panel. 


I  <3=2  PRESS 


Fig, 3  Test  circuit  of  maximum  current  and 

maximum  voltage  — — - 

Fig. 4  Cross-section  view 

of  replacement  process 

a  le  1  Results  of  the  maximum  current  and  maximum  voltage 


]^  )  packaging  structures  and  adhesives 

compare  the  reliability,  two  kind  of 
packaging  structures  and  adhesives  were 
tested.  It  is  mentioned  in  Table  2. 

'phe  packaging  structure  with  a  ceramic 
cap  is  shown  in  Fig. 6  and  that  with  no-cap 
is  shown  in  Fig. 5. 

Table  2  shows  that  a  combination  of  the 
ceramic  encapsulated  structure  and 
thermosetting  adhesive  results  in  best 

reliability. 

The  cause  of  the  faulty  was  the  invading 
of  moisture  to  Al  pads  through  a  boundary 
between  the  adhesive  and  the  panel.  The 
moisture  that  reach  Al  pads  made  the 
connection  open.  The  thermosetting 
adhesive  provided  more  resistance  against 
the  moisture.  The  ceramic  cap  was  found  to 
be  very  effective  barrier  against  the 
moisture.  Therefore  we  chose  the  ceramic 


encapsulated  structure  with  the 
thermosetting  adhesive. 

2)  Bias  humidity  test 

In  order  to  evaluate  the  reliability  of 
COG  panel  (the  structure  is  shown  Fig.6), 
a  Bias  humidity  test  was  carried  out. 

Table  3  shows  the  results. 

Now,  there  is  no  faulty  until  500  Hours. 
The  test  is  continued. 


Table  2  Results  of  the  reliability  test  (  85  XJ  ,  85  %RH  ) 


adhesive 

hours 

structure^\>,.^ 

0 

60 

100 

150 

300 

500 

thermoplastic  resin 

with  cap 

0/5 

0/5 

0/5 

0/5 

5/5 

- 

T 

no-cap 

0/5 

0/5 

3/5 

5/5 

- 

- 

thermosetting  resin 

with  cap 

0/5 

0/5 

0/5 

0/5 

j  0/  5  j 

0/5 

t 

no-cap 

0/5 

0/5 

0/5 

0/5 

i 

- 

Al  PAD 


Table  3  Results  of  the  bias  humidity  test  (  50  “C  ,  90  %RH  ,  25V  ) 


adhesive  •  structure  \  hours 

0 

60 

150 

300 

500 

- 

thermosetting  resin  •  with  cap 

0/20 

0/20 

0/20 

0/20 

0/20 

continue 
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.  Conclusion 


We  assembled  a  12  inches  color  panel 
module.  The  out  look  of  the  panel  are 
shown  in  Fig.7  and  Fig. 8.  Specifications 
of  the  panel  and  the  driver  IC  are  shown 
in  Table  4  and  Table  5. 

We  packaged  24  ICs  on  the  panel  with  COG 
technology.  Other  8  ICs  were  packaged  with 
TAB  technology.  This  panel  was  exhibited 
at  Electronics  Show  held  at  Harumi ,  Tokyo 
in  1988. 

The  COG  technology  has  made  it  possible 
to  bond  1  3  0 /i  m  pitch  connections 
correctly.  In  the  future  we  will  improve 
the  reliability  of  the  adhesive  and  the 
cost  of  packaging  vigorously. 

Table  4  Specification  of  the  panel 


size 

IZinches 

liquid  cristal 

NTN 

driving  method 

multiplex-addressed 
with  IBharmonies 

dots 

640  X3(R,G.B)X480 

duty 

1/240 

pattern  pitch 

SEG  :  130^01  (COG) 

COM  :  390^0  (TAB) 

driver  IC 

SB3  :  SED1760X24  (COG) 
COM  :  SED1704  X  6  (TAB) 

Table  5  Specification  of  the  driver  IC 

(SED  1760) 


output  lines 

160 

frequency 

16MHz 

output  voltage 

max  40V 

size 

6.80  x5.620111 

pad  pitch 

134 //m 

others 

4bit. IBharmonies 
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Fig.7  24  ICs  are  assembled  by  COG 
and  SICs  by  TAB. 


Fig. 8  Assembled  ICs  by  COG 
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ABSTRACT 

This  paper  discusses  a  new  packaging  method  for  DIP  type  thick  film  hybrid  IC’s  presently  used  in  digital  electronic  exchange 
equipment.  This  method  has  replaced  previous  packaging  methods  due  to  its  economy  and  high  reliability.  It  was  also  introduced 
with  the  objective  of  automation.  The  new  packaging  uses  a  structure  consisting  of  a  dam  component  and  a  filler  component  of 
silicone  resin.  Thick  film  hybrid  IC's  packaged  with  this  silicone  resin  showed  good  resistance  properties  after  1000  hours  of 
oO  degrees  C,  90%  relative  humidity,  175  \T)C  bias  testing.  In  addition,  the  bonding  resistance  between  substrate  and  parts  was 
unchanged  after  100  cycles  of  a  -25'’C  to  +35^C  heat  shock  test.  This  new  packaging  technology  has  been  production  of  thick 
film  hybrid  IC's  used  in  digital  electronic  exchange  equipment,  giving  good  results  with  no  adverse  effect  whatsoever  in  the 
market  to  this  date. 


INTRODUCTION 

With  the  miniaturization  and  high  integration  of  the  LSI  circuit,  the  thick  film  hybrid  IC  has  come  into  more  demand  as  a  highly 
functional,  highly  reliable  module.  In  the  past,  hermetic  sealing  processes  using  inert  gas  injection  were  often  used  to 
achieve  the  necessary  high  functionality.  Just  with  advances  in  high-purity  of  resins  in  recent  years,  simple,  low-cost  resin 
sealing  methods  have  become  more  popular.  The  main  resin  sealing  methods  are  cast  molding  and  inmersion.  Table  1  summarizes  the 
major  types  of  packaging  methods  The  nature  of  the  immersion  process  limited  it  to  the  SIP  (Single  Inline  Package),  with 

the  problem  that  after  sealing  the  resin  Layer  could  be  uneven.  Cast  molding  could  be  used  in  either  SIP  or  DIP  (Dual  Inline 
Package),  but  the  process  was  complicated  by  the  need  for  a  degassing  operation  to  remove  air  bubbles  residual  between  the  case 
and  the  hybrid  IC.  Also,  there  was  the  structural  problem  of  increased  weight.  This  paper  discusses  a  highly  reliable 
packaging  technology  for  thick  film  hybrid  IC's  with  ceramic  substrates,  developed  to  elimanate  the  problems  of  other  methods  and 
achieve  increased  automation  in  a  resin  sealing  process.  Samples  of  packaging  with  silicone  resin,  epoxy  resin  and  phenolic 


Table  1.  Packaging  Methods 


Sealing  Method 

Sealing  Materials  1 

Hermetic 

Seal 

Low  Melt  Point  Glass 
Method 

Borcsilicate  Lead  Glass  | 
Borosilicate  Zinc  Glass  i 

Soft  Wax-Method 

Gold-tin,  Gold,  Silicon 

Go Id -germanium 

Welding  Method 

Cobalt 

Nickel 

Resin  Adhesive  Method 

Epox;/  Resin  ' 

Resin 

.  Seal 

Local  Packaging  Method 
Local  Packaging  Method 

!  ' 

Thermo-set  Silicone,  1 

Epoxy,  Phenolic  Resin  | 

Cast  Molding  Method 

! 

Thermo-set  Epoxy, 

Silicone  Resin, 

Silicone  Resin  Gel 

Immersion  Method 

Thermo-set  Silicone, 
Epoxy,  Phenolic  Resin 

Transfer  Mold  Method 

Thermo-set  Epoxy  Resin 

resin  were  prepared,  and  the  reliability  of  each  was 
evaluated.  We  further  discuss  the  search  for  an  automated 
packaging  method  capable  of  quick  adaptation  to  a  future 
variety  of  versatile  thick  film  hybrid  IC  applications,  and 
the  achievement  of  a  sealing  method  that  protects  the 
reliability  of  exchange  equipment  modules  manufactured  by 
mass-production  processes. 

EXPERLMENTAL 

3.1  Preparation  of  Resin  Evaluation  Samples 
Three  types  of  resin  material  were  used;  silicone,  epoxy  and 
phenolic.  Each  was  evaluated  for  resistance  to  humidity  and 
heat  shock.  Two  types  of  silicone  resin,  condensing  and 
additive,  were  selected.  Also,  epoxy  resins  of  different 
Cl~  ion  density  were  used.  A  liquid  phenolic  resin  was  chosen 
chosen  and  its  effect  on  various  properties  was  studied.  Of 
the  basic  properties  of  the  resins  used,  viscosity,  linear 
expansion  and  Cl'  ion  density  are  shown  in  Table  2. 


Table  2.  Resins  Evaluated 


Type 

\ 

Property  ' 

\ 

Silicon 

Epoxy 

Phenolic 

A  1  B 

(condens-  1  (additive) 

ing)  j 

C 

D 

E 

Viscosity  (P) 

6  j  80 

30 

120 

60 

Linear  Expansion 
Coefficient  x 
10"Ml/’C) 

200  1  210 

i 

I 

27 

23 

5 

i  Cr  ion  Density  j  3  :  10 

:  (ppm)  i  ’ 

150  ' 

1000 

I 
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D.2'^0.4inni 


(1)  For  nauaruient  of  insulitiM  rssbtsnci 
batwoofl  ICC  pads 

(2)  For  naasuroosot  of  bondiog  rosistanci 
botwni  ICC  pads  and  cooducton 

(3)  For  Bsasuroment  of  insolation  rasistanca 
botwooa  panllal  conductors 


Fig.  1  Tost  pattern  Eiampie 


Table  3.  Test  Conditions 


Item 

evaluated 

Test 

Condi¬ 

tions 

Time 

Quality 

measured 

Humidity 

resistance 

©  HHBT 

©  PCT 

1000" 

100" 

Insulation 

resistance 

Insulation 

resistance 

Heat  shock 

test 

d)  HST 

100" 

Bonding 

resistance 

Overal 1 
reliability 

@  Combined 

+® 

■  100° +100"+ 
1000" 

Insulation 

resistance 

order.  It  was  also  determined  to  measure  trimming 
resistance  by  the  same  method, 

3.3  Investigation  of  Automated  Resin  Packaging 
Automated  packaging  was  investigated  using  the  silicone 
resin,  which  produced  the  best  results  in  the  above  tests. 


Table  4.  Humidity  Test  Results 


Insulation  resistance 
measurement  location 

Test  No. 

Silicone 

Epoxy 

Phenolic 

A 

B 

C 

D 

E 

Parallel  conductors 

© 

1 

1 

1 

1 

1 

© 

1 

1 

1 

1 

1 

© 

1 

* 

1 

1 

1 

Between  lead  terminal  i 

1 

1 

— 

2 

2 

1 

connection  pads 

1 

1 

2 

3 

1 

1 

1 

1 

3 

3 

1 

Between  LCC  pads 

® 

1 

1 

2 

!  2 

1 

1 

1 

1 

'  2 

1 

1 

1 

2 

2 

1 

1:  ^10'°  ohms 
2:  10*  to  10'°  ohms 
3:  <10"  ohms 


A  60  mm  X  40  tirri  96"^  alumitui  substr«ite  with  a  Pd/Ag 
conductive  paste  and  kuO:  resistive  paste  was  used  for 
evaluation.  A  humidity  resistance  evaluation  pattern  and  a 
heat  shock  resistance  evaluation  pattern  were  printed  and 
baked  on  to  the  substrate.  The  humidity  resistance 
evaluation  pattern  consisted  of  parallel  conductors 
separated  by  0,2,  0.3,  0.4  mm  gaps,  0.8  ntn  gap  lead  terminal 
connection  pads,  and  a  pad  pattern  loaded  with  an  0.6  ntn  gap 
LCC  (Leadless  Chip  Carrier),  so  that  the  insulation 
resistance  between  the  parallel  conductors  and  pads  could  be 
measured.  The  heat  shock  resistance  evaluation  pattern  was 
configured  with  pads  for  lead  terminal  connection,  and  an 
LCC  loaded  pattern  with  trimming  resistance,  so  that  changes 
in  the  bonding  resistance  between  the  lead  terminal  and  the 
LCC,  and  in  the  trinming  resistance  could  be  measured.  Test 
pattern  examples  are  shown  in  Figure  1.  After  the  LCC  for 
insulation  resistance  measurement  (1)  and  the  LCC  for 
bonding  resistance  measurement (2)  were  loaded  onto  the 
substrate  and  leads  attached  to  the  terminals,  the  samples 
were  packaged  with  each  type  of  resin  and  used  for 
evaluation. 

(1)  An  empty  without  IC  bonding. 

(2)  A  LCC  without  1C  bonding,  but  with  1  pin  each  connected 
so  that  bonding  resistance  could  be  measured. 

3,2  Methods  for  Resin  Evaluation 

Evaluation  consisted  of  HKBT  (High  temperature,  high 
humidity  bias  test),  PCT  (Pressure  cooker  test),  HST  (Heat 
shock  test),  with  changes  measured  before  and  after  in  each 
factor  of  reliability,  as  shown  in  Table  3.  It  was 
determined  to  measure  humidity  resistance  between  the 
parallel  conductors  and  between  the  lead  terminal  bonding 
pads,  as  well  as  between  the  LCC  pads  attached  for 
insulation  measurement,  using  an  insulation  meter  in  the 
range  of  10’  ohms  to  10*  '  ohms.  Heat  shock  resistance  was 
measured  by  reading  the  bonding  resistance  of  the  lead 
terminals  and  the  loaded  LCC  for  bonding  resistance 
measurement,  using  the  4-terminal  method  on  the  milli  ohm 

RESULTS  AND  DISCUSSIONS 


4.1  Resin  Evaluation 

Table  4  shows  the  Humidity  Test  results  under  each  test 
condition  for  silicone  resin,  epoxy  resin,  and  phenolic 
resin.  The  results  are  classified  with  the  numeral  1  for 
passing  grades  when  insulation  resistance  of  10*  °  ohms  or 
more  was  maintained,  2  for  greater  than  10*  but  less  than 
10'°  o'nms,  and  3  for  failure,  less  than  10*  ohms. 

All  resins  showed  good  results  of  10*  ohms  or  higher  with  no 
deterioration  in  insulation  resistivity  in  testsCD,  (D  and 
®  between  parallel  patterns  and  between  LCC  loaded  pads. 

No  difference  attributable  to  the  difference  in  the 
silicone  hardening  reaction  was  seen.  However,  in  the 
insulation  resistance  between  lead  terminal  connection  pads, 
the  epoxy  showed  deterioration.  As  shown  in  Figure  2, 
sample  C,  which  had  Cl'  on  density  in  excess  of  1000  ppm 
frequently  fell  below  10*  ohms  in  test  ®,  the  combined 
test.  The  epox\’  resin  was  peeled  off  and  failure  analysis 
performed.  Figure  3  shows  the  results  of  element  analysis 
of  Pd  and  Ag  by  the  EPMA  surface  analysis  method  between 
pads.  The  lead  terminals  corroded  and  the  presence  of  Ag* 
the  structural  metal  of  the  conductor,  was  confirmed 
between  the  pads.  This  can  be  thought  to  have  been  caused 
by  peeling  in  the  interface  between  the  lead  terminal  and 
the  epoxy  resin  surface  during  the  heat  shock  test,  with 
moisture  penetrating  into  the  peeling  area  under  high 
temperature  and  humidity,  resulting  in  the  removal  of  Cl' 
ions. 

Next,  the  results  of  heat  shock  test  evaluation  are  shown  in 
Figure  4.  Epox>’  resins  C  and  D  both  showed  more  than  tilOl 
variation  in  bonding  resistance  and  cracks  appeared  in  the 
resin  surface.  Other  resins  showed  less  than  i  2%  change 
and  were  outstanding  in  resistance  to  heat  shock. 

The  above  testing  showed  that  the  resins  best  suited  to  out 
objectives  were  the  silicone  and  phenolic  resins. 
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lame  Sealing  MeintKi  ..Lujy 


j  Sealing 

Me  *  ' 

1 

Number 

of 

Proc¬ 

esses 

1  1 

Related 

1  Adaptation  i 
to 

Different 

Substrate 

Shapes 

Lxternal 

1 

ance 

Cost 

1  Overal 
bva  illa¬ 
tion 

Cast 

Molding 

Method 

4 

Cast 

Cast 

Change 

Good 

High 

No  Go 

Immer¬ 

sion 

Method 

3 

Bad 

Low 

No  Go 

One- 

Sided 

Sealing 

Method 

2 

Average 

Low 

Go 

Table  6.  Silicone  Resins  for  Automation  Study 


Quality 

B 

Bi 

B, 

State 

Thixotropic 

Fluid 

Non-fluid 

Viscosity  (P) 

80 

35 

3000 

Linear  Expansion 
Coefficient  x 

10"'  (1/°C) 

210 

200 

210 

4«2  Investigation  of  Automated  Packaging 
In  order  to  select  a  sealing  method  and  a  resin  suited  to 
automation,  a  study  was  made  of  sealing  techniques, 
including  the  cast  molding  and  imnersion  methods  in  use  up 
to  the  present,  and  the  one-sided  sealing  method  that  we 
have  considered  using  as  a  new  technique.  The  standards  for 
evaluation  were  principally  the  case  of  the  sealing  process. 
Low  cost,  and  case  of  adaptation  to  various  kinds  of 
substrates.  The  results  of  the  evaluation  are  shown  in 
Table  5. 

The  cast  molding  method  requires  a  special  cast  for  each 
substrate  shape,  and  has  related  problems  in  increased 
weight  and  treatment  of  the  air  bubbles  that  get  in  between 
the  substrate  and  the  cast.  The  imnersion  method  has  high 
variability  in  the  thickness  of  the  resin  layer.  In  view  of 
the  above,  it  was  determined  that  one-sided  sealing  with 
resin  extruded  from  a  dispenser  would  be  the  most  suitable. 
Between  the  silicone  and  phenolic  resins,  it  was  decided 
that  the  easily-handled  additive  type  silicone  resin  B 
would  be  used  because  it  creates  no  by-products  during 
hardening,  and  its  heat-controllable  hardening  time  makes  it 
well -suited  to  automation.  Because  condensing-type  silicone 
reacts  with  moisture  in  the  air  and  begins  to  harden,  on  the 
other  hand,  by-products  are  created  and  hardening  quality  in 
substantial  depth  area  is  poor.  Its  hardening  time  of  8  to 
16  hours  is  quite  long  and  difficult  to  control.*” 

Phenolic  resin  has  complex  hardening  conditions  requiring  an 
air  drying  process  for  2  to  4  hours  before  hardening,  and 
was  excluded  because  this  did  not  suit  it  to  automation. 

At  this  point,  two  more  types  of  Resin  B  with  differing 
viscosities,  Bi  and  Bj  ,  were  prepared,  and  the  three  types 
were  tested  as  shown  in  Table  6. 

Additional  testing  of  uses  of  Resins  B,  Bi  ,  Bj  was  performed 
shown  in  Table  7,  to  verify  that  there  were  no  problems  with 
reliability. 

Specifically,  the  packaging  structure,  shown  in  Figure  5, 
consists  of  a  dam  portion  and  a  filler  portion  of  silicone 
resin.  The  dair.  portion  is  required  to  adhere  to  the 


Table  7.  Additional  Testing  Items 


Test  Item 

Quality 

Tested 

Test  Method 

Test  Method 

Result 

Result 

Adhesion 

Shear 

Hardness 

'■  18mm  X  *  10mm  x  ‘  Inn 
adhesive  section  drawn 
at  lOmmi/min 

3,7  kgf/cm^ 
Cohesive  failure 
coefficient  100% 

Flame 

1  Resistance 

Combus¬ 

tion 

Interval 

Glow  wire  method 

960''C /30  sec. 

C.l  sec. 

Hardening 

Stoppage 

Hardness 

Soldering  flux  added 
and  hardness  measured 

Partial  change 

Solvent 

Resistance 

Hardness 

Hardness  measurement 
Surface  inspection 

No  change 

No  change 

Fig.  5  Packaging  structure 


substrate  and  lead  terminals  and  to  be  able  to  form  a 
leakproof  seal  with  the  end  face  of  the  substrate.  To  meet 
these  requirements,  the  silicone  resin  must  have  the  proper 
viscosity  and  thixotropy  and  maintain  a  thixotropy  that  will 
prevent  leakage  even  during  the  viscosity  changes  of  thermal 
hardening.  For  this  reason  we  measured  the  viscosity 
changes  of  the  three  resins  at  different  temperatures  from 
room  temperature  up  to  100  “C  .  As  shown  in  Figure  6,  each 
of  the  resins  reached  its  lowest  viscosity  around  80*C  . 


20  40  60  60  too  120 


iBmperaturerC) 

Fig.  6  Tainperature  -Viscosity  Correlation  of  Silicone  Resins  B.fli.82 
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Fig.  7  Relation  Between  Preheating  Temperature.  Time  and  Coverage  Rate  of  Silicone  Resins  B  and  82 


Fig.  8  Relation  Between  Preheating  Temoeratura,  Time  and  Air  Bubble  Count 
Per  Unit  Area  of  Silicone  Resins  Band  Bi 


Fig.  9  Design  of  Automated  Sealing  Process 


i.  i;u  L'C  7  ;iiiows  1 1  it;  l  o  s  u  1 1  ;  >  I  ■  u:  r  1 ;  d  v  . )  c  t  lit  ^  -.i  i  i  c  :  s  j  I 
prohe.-iting  on  the  scinling  •inpacity  of  resins  3  and  3: 
l excluding  the  fluid  Bi  ).  Sealing  capacity  is  expressed  as 
the  substrate  cover.age  rate  of  when  the  resin  was  extruded 
about  2iran  inside  of  the  edge  of  the  substrate.  In  this  test 
resin  B,  after  30  minutes  of  preheating  at  80^C  at  which  it 
reaches  its  lowest  viscosity »  achieved  a  100%  coverage  rate 
and  formed  a  perfect  dam. 

Next,  the  filler  component  is  required  to  completely  cover 
the  loaded  components  with  little  intrusion  of  air  bubbles 
and  a  good  external  appearance.  Excluding  the  non-fluid 
resin  Bi  ,  resins  B  and  Bt  were  tested  for  preheating 
conditions  and  residual  air  bubbles,  and  the  results  are 
shown  in  Figure  3.  Residual  air  bubbles  were  expressed  as 
the  count  of  air  bubbles  per  unit  of  surface  area  after  the 
resin  over  the  LCC  loaded  components  was  peeled  off  and  the 
residual  air  bubbles  in  the  resin  were  counted.  It  was 
discovered  that  preheating  resin  Bi  at  30  C  for  IC  nu-nutes 
eliininated  residual  air  bubbles. 

As  a  result,  the  packaging  process  was  designed  as  follows. 

(1)  Resin  B  was  extruded  from  a  dispenser  onto  the  end 
surface  of  the  substrate  forming  a  dam,  and  the  dam  was 
saved  in  unhardened  state. 

(2)  Next,  resin  Bi  was  deposited  from  a  dispenser  to  fill 
in  the  area  inside  the  dam. 

(2)  The  sealing  capacity  of  both  dam  and  filler  was 

enhanced  by  preheating  for  30  minutes  at  30'"C  and  with 
the  residual  air  bubbles  minimized,  the  unit  is  sent 
into  the  main  hardening  process. 

>7ith  the  above  process  design,  complete  automation  could  be 
achieved  by  combining  the  dispensers  for  the  dam  and  filler 
components,  supply  robots  and  a  continuous  curing  oven. 

Also,  by  simply  changing  the  extrusion  from  the  dispenser, 
{needle  diameter,  pressure,  movement  rate,  position,  etc.) 
the  svstem  could  accomodate  different  substrate  shapes. 
Figure  9  shows  the  automated  equipment  for  this  process. 


4.3  Application  to  Thick-film  Hybrid  IC’s  for  Excnange 
Equipment,  and  Reliability 

This  new  packaging  technology  was  suited  to  the  high 
reliability  and  high  productivity  demands  of  the  thick-film 
hybrid  IC  for  exchange  equipment.  An  overview  of  types, 
etc.  of  hybrid  IC's  is  given  in  Table  3. 

For  local  exchanges,  functional  operation  for  20  years  in 
environmental  conditions  of  between  10  C  and  -+0C 
(temperature  increase  of  30"’C  )  is  considered  basic.  In 
order  to  obtain  good  transmission  quality,  the  hybrid  IC*s 
for  these  exchanges  must  satisfy  more  than  30  digital  and 
analog  properties.  The  reliability  standard  established  for 
for  the  thick-film  hybrid  IC  to  be  able  to  satisfy  these 
conditions  is  shown  in  Table  9. 

No  defects  attributable  to  resin  packaging  have  been 
disclosed  by  these  tests. 

Further,  in  the  five  years  since  mass  production  of  thick- 
film  hybrid  IC's  was  begun,  not  one  failure  in  the  market 
has  been  experienced. 


Table  8.  Overview  of  Hybrid  IC's 


Na  1  Type 

i 

External 
Dimensions  (mm) 

Application 

1  1  DIP 

2  DIP 

n  ;dip 

60.6  X  37.8  X  3.7 
55.0  X  27.6  X  3.7 
65.0  X  21.0  X  3.7 

General,  Common  Telephone  SLIC*  ’ 
Public  Telephone  SLIC 

Optical  Transmission  Module 

*3:  sue  (Subscriber  Line  Interface  Circuit) 
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ThMc  V.  Hybrif’  TT  rit.*,r,virirdn 


Test  Item 

Conditions 

Standard 

Property 

Evaluat¬ 

ed 

Insulation 

Resistance 

Insulation 

Pressure 

Resistance 

Resistance 

JIS  C502  7.3  page 
(DCIOOV) 

MIL-STE^20-2-2E-30 
(DC500V  1  min) 

DC  resistance  meas¬ 
urement  by  A-terminal 
method 

10*  ohms 
or  greater 

0.5  m/'v  or 

less 

within 

±2% 

Film  Adhesion 
Hardness 

2mm  square  pad  meas¬ 
urement 

average 
AOOg/mnf 
or  greater 

Environ¬ 

ment 

Test 

Heat  Cycle  Test 

-25*C  to  +85“C 

100  cycles 
(JIS  C5030) 

High  Temperature 
Shelf  Test 

S5X  lOOOH  (3000H) 

(JIS  C5022  adapted) 

1 

! 

1 

High  Temperature 
High  Humidity 

1  Self  Test 

60“C  90%  RH  lOOOH 

i  1 
i 

Heat  &  Humidity 
Cycle  Test 

173V  AO  cycle  j 

(MIL-STD-202E-106D) 

1 

1 

1 

Other 

Active  Aging  Test 

60T  168H  ! 

CONCLUSION 


As  discussed  above,  it  was  found  that  for  huiuidity  resistance  and  heat  shock  resistance,  the  best  packaging  materials  for  thick- 
film  hybrid  IC’s  with  ceramic  substrates  were  silicone  resin  and  phenolic  resin.  Additive-type  silicone  resin  was  found  to  be 
the  easiest  to  handle  in  application  of  automation.  By  selecting  two  additive-type  silicone  resins  of  differing  viscosity  and 
thiicotropy,  automation  of  a  highly  reliable  packaging  structure  composed  of  dam  and  filler  components  was  achieved,  and  it 
became  possible  to  speedily  adapt  to  substrates  of  different  shap-cs. 

This  packaging  technology  has  been  introduced  in  the  manufacturing  process  of  thick-film  hybrid  IC*s  for  exchange  equipment,  and 
is  now  in  stable  mass  production.  In  the  future,  we  would  like  to  continue  the  effort  to  develop  new  packaging  technologies  in 
order  to  reach  higher  levels  of  quality  and  economv. 
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ABSTRACT 


Miniaturizing  electronic  apparatus  requires  the  interconnection  of  high  pin  count  IC  dies  to 
finely  pitched  leads.  However,  conventional  wire  bonding  can  hardly  meet  this  requirement. 
Recently,  the  tape  automated  bonding  (TAB)  technique  has  been  employed  to  achieve  high  pin 
count  and  high  density  packaging. 

A  fully  automated  inner  lead  bonder  has  been  developed.  Using  this  newly  developed  machine, 
bonding  accuracy  and  bond  strength  have  been  investigated.  The  obtained  results  indicate  that 
the  bonding  accuracy  is  good  and  that  the  bonding  condition  range  is  wide. 

This  technique  has  been  applied  for  LCD  module  mass  production. 

INTRODUCTION 


Miniaturizing  electronic  apparatus  and  increasing 
-he  number  of  I/O  terminals  requires 
interconnection  of  high  pin  count  IC  dies  to 
finely  pitched  leads. 

However,  it  is  getting  difficult  for  conventional 
wire  bonding  to  meet  this  requirements  because  of 
wide  pad  spacing  and  high  wire  loop.  The  gang 
bonding  technologies.  TAB  and  flip  chip,  has  been 
suggested  as  the  next  level  of  IC's  packaging  and 
:hi?  joining  processes  to  replace  wire  bonding. 

Fig  1  shows  schematic  diagrams  of  TAB  process.  A 
fully  automated  inner  lead  bonder  has  been 
developed  which  simultaneously  bonds  all  inner 
leads  on  tape  to  gold  bumps  on  an  IC  die  after 
completing  the  high  accuracy  tape  to  die 
alignment.  By  using  this  newly  developed  machine, 
bonding  accuracy  and  bond  strength  have  been 
investigated. 

The  inner  lead  bonder  and  the  bonding  technique 
are  mentioned  below. 


9.3  >|m  (30-^-,). 

(2)  High-speed  bonding 

The  index  time  for  this  machine  is  2.9 
seconds  without  bonding  time. 

(3)  Applied  for  35  and  70  mm  wide  tapes 

35  and  70  mm  wide  tapes  can  be  used  with 
standerd,  wide,  and  super  wide  types  of 
sproket  holes. 

(4)  High  bonding  pressure 

Maximum  bonding  pressure  is  30  kgf,  produced 
by  an  air  cylinder. 

(5)  Easy  set-up 

The  bonding  tool  has  a  standard  face  to 
adjust  at  right  angles. 


Gold  bump 


Carrier  tape 


INNER  LEAD  BONDER 


.‘‘H  external  view  and  a  diagram  of  the  newly 
•ieveloped  inner  lead  bonder  are  shown  in  Photo. 2 
^nd  Fig. 2. 


The  machine  is  operated  as  follows.  Carrier  tape, 
35ounted  on  the  tape  loader,  is  fed  to  the  bonding 
stage  at  constant  pitches  by  the  driving  sprocket 
wheel.  Then,  a  CCD  camera  takes  pictures  of  the 


♦  nner  leads  on  tape  at  two  points. 

On  the  other  side,  an  IC  die  is  picked  from  th< 
wafer  station  and  placed  onto  the  bonding  stage 
^  pick-and-place  unit.  The  IC  die  on  the  stage  i: 
■^iiijned  by  the  gauging  unit  and  the  pattern  on  th( 
die.  determined  by  the  CCD  camera,  is  als< 
recognized  at  two  points. 

^he  tape-to-die  alignment  is  accomplishe< 
Correctly  for  X,  Y  and  B  directions.  Then,  th( 
constantly  heated  tool  simultaneously  presses  a.1. 
inner  leads  into  the  gold  bumps  on  the  IC  die,  IL! 
operations  are  repeated  in  sequence. 


^he  charasteristic  performance  for  this  machine 
as  follows . 

^1)  High-accuracy  alignment 

The  alignment  accuracy  has  been  achieved  to 


Inner  lead 


Bonding  stage 


Heated  tool 


IC  chip 


(a)  Inner  lead  bonding  (ILB) 
^  Dispenser 


(b)  Encapsulation 

Heated  tool 

/ 

o 


ILB 


OLB 


Glass- epoxy  substrate 
(c)  Outer  lead  bonding  (OLB) 

Fig.  1  TAB  process 
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Table. 1  shows  specifications  for  this  machine. 
Table.  1  Specifications 


Items 

Specifications 

Tape  width 

35,75  mm 

IC  size 

3^12  mm 

Accuracy 

10  /im 

Index  time  without 
bonding  time 

2.9  sec/die 

Bonding  pressure 

0.5~30  kgf 

Die  supply 

wafer : 6" 
tray  :4'’ 

Machine  Size 

1600WX1200DX1680H 

This  machine  was  developed  with  strict  attention 
paid  to  the  alignment  accuracy.  The  high  alignment 
accuracy  was  achieved  by  adopting  the  following 
construction:  (A)  The  inhouse  recognizing 

apparatus,  which  has  a  recognition  accuracy  of  3.5 
^m  for  tape  and  2.5  >um  for  an  IC.  (B)  Precision 
X-Y-©  tables,  which  have  2  resolution  and 

0.0075  degree  per  pulse.  (C)  The  two  points 
recognizing  system.  which  recognizes  two 
individual  points  on  tape  and  an  IC  die,  and 
calculates  the  position  error  for  X,Y  and  B. 

The  alignment  error  defined  in  Fig. 3  was  measured 
at  four  points  on  an  IC.  The  measurment  was 
repeated  fifty  times,  using  the  same  IC  die  and 
inner  leads.  Table. 2  shows  the  alignment  accuracy 
for  this  machine.  Accuracy  better  than  10  (30^-,) 

was  obtained. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION 

By  using  this  machine,  the  following  subjects  are 
investigated:  (A)  Appropriate  bonding  conditions. 
(B)  Bonding  accuracy.  (C)  Bond  strength 
transition.  (D)  Bonding  reliability. 

Results  are  mentioned  below. 

Appropriate  bonding  conditions 

First  of  all,  the  relation  between  the  bond 
strength  and  the  bonding  temperature  at  the 
surface  of  the  bonding  tool  has  been  investigated 
in  regard  to  some  bonding  pressures.  IC  dies 
having  182  I/O  terminals  with  140  pm  pitch  and  90 
square  gold  bumps  were  mainly  employed  in  this 
experiment.  Table. 3  shows  the  main  specimens  used. 


Table.  2  Alignment  accuracy 


Average 

0.5  (>im) 

3 

9.3  (pm) 

Max. 

o 

3 

Min. 

-4  (pm) 

Photo.  1  Inner  lead  bonder  exterior  view 


Inner  lead 

;  1  Bump 


cp 


Alignment  error 


Lead  center  ^  Bump  center 

Fig.  3  Alignment  error  measurement 


Table.  3  Main  specimens 


IC  size 

5x9.5  (mm) 

Bump  size 

90  (/in) _ 

Bump  hight 

24  _ , 

I/O  terminals 

182  _ . 

Tape  width 

70  (mm) _ ^ 

Inner  lead  width 

60 

Inner  lead  thickness 

35 
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The  bond  strength  was  estimated  by  the  pull  test, 
as  shown  in  Fig.  4.  It  is  more  than  30  gf  over  400 
*C.  irrespective  of  the  bonding  pressure.  However, 
the  melted  state  of  tin  plated  on  copper  leads  has 
a  little  difference,  as  shown  in  Photo. 2.  The  heat 
and  pressure  form  the  gold-tin  eutectic  bond  at 
the  interface  between  gold  bumps  and  tin  plated 
copper  leads.  At  350  *C,  the  bond  strength  becomes 
weak  and  the  inner  leads  are  peeled  off  from  the 
bumps  because  of  insufficient  reaction. 

The  relation  between  the  bonding  time  and  the 
bond  strength  has  been  investigated,  too.  The 
results  indicate  that,  at  over  400  ’c,  high  bond 
strength  is  obtained,  even  in  0.3  second  bonding 
time.  However  at  350  *C,  the  bond  strength  is  poor, 
and  it  can  not  be  improved  by  increasing  bonding 
time.  Under  all  bonding  conditions,  no  damage 
appeared  on  the  chip  passivation  film  or  the 
silicon  itself. 

From  the  above,  it  is  clear  that  450^^  500  *C 
bonding  temperature.  50^70  gf/pad  bonding  pressure 
and  1  second  bonding  time  are  the  appropriate 
bonding  conditions. 

Bonding  accuracy 

In  this  paper,  the  alignment  accuracy  and  the 
bonding  accuracy  of  inner  leads  to  gold  bumps  have 
a  different  meaning.  The  alignment  accuracy  means 
the  machine's  capacity,  but  the  bonding  accuracy 
is  influenced  by  the  error  in  the  tape 
configurations.  Therefore,  the  bonding  accuracy  is 
usually  worse  than  the  alignment  accuracy.  Table.  4 
shows  the  bonding  accuracy  results.  Good  bonding 
accuracy  (30?,-^  of  13.5>um  was  obtained  for  IC  dies 
by  this  bonder,  as  shown  in  Table. 4. 

To  study  the  allowance  limits  for  the  alignment 
error,  test  samples,  which  were  bonded 

intentionally  shifting  the  bonding  position,  were 
made.  Fig. 5  shows  the  relation  between  bond 
strength  and  bonding  accuracy. 

The  bond  strength  does  not  drop  so  much  as  the 
bonding  accuracy  becomes  worse.  However  the 
alignment  error  reaches  25  ^m,  the  bumps  are 
peeled  off  from  the  electrodes  by  the  pull  test. 
Observing  the  section  of  the  interface  having  30  ^m 
error,  it  is  clear  that  the  gold  bump  is  crushed 
on  the  chip  passivation  film  (Photo. 3).  Therefore, 
over  25  pirn  error  should  be  avoided  in  this  sample. 
Tests  on  the  bonding  accuracy  show  that  the 
maximum  error  is  13.6  fim  Therefore.  this 
machine's  bonding  accuracy  is  good  enough  to  bond 
!C  dies  having  184  I/O  terminals  with  100  ^m  pitch 
and  60 /im  square  bumps  to  40  >ira  wide  inner  leads, 
as  shown  in  Photo. 4. 


Fig.  4  Relation  between  temperature 
and  bond  strength 


at  400  (t)  at  500  (t) 


Photo.  2  Tin  melting 


difference  (>4m) 


>um  square 

Leads  60  /im 

Difference:  2  (|im)  Difference;  30  (pm) 


Photo.  3  Cross-section  of  bonds 
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e  of  bumps 

from  electrodes  {%) 


The  relation  between  the  bonding  counts  and  the 
bond  strength  is  shown  in  Fig.  6.  At  over  150 
bonding  counts,  the  bond  strength  becomes 
unstable.  At  the  same  time,  the  failure  rate  at 
the  interface  between  leads  and  bumps  is 
increased.  This  is  because  the  tin  oxide,  which 
adheres  on  the  surface  of  the  bonding  tool,  makes 
heat  conduction  insufficient.  This  machine  is 
equipped  with  a  cleaning  unit  to  remove  the  tin 
oxide  from  the  bonding  tool  surface.  It  is  evident 
that  the  bond  strength  recovers  by  using  the 
cleaning  unit  after  300  bondings.  In  mass 
production,  the  bond  strength  is  stabilized  by 
cleaning  the  bonding  tool  every  100  times. 

Reliability  tests,  indicated  in  Table. 5,  were 
carried  out.  Satisfactory  results  were  obtained  on 
the  bond  strength  or  electric  characteristics. 

CONCLUSION’ 

A  high-accuracy  inner  lead  bonder  has  been 
developed  to  achieve  high  pin  count  and  high 
density  packaging.  This  machine  has  been  applied 
for  LCD  module  mass  production  etc. 
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abstract 

The  authors  have  developed  4"  and  6.5"  diagonal  a-Si  thin  film  transistor  active  matrix  liquid  crystal 
displays  (TFT-LCD)  modules  by  means  of  tape  automated  bonding  (TAB)  technology.  The  small  frame  size.  i.e. 
12.5  mm  for  4"  modules,  has  been  realized  by  using  U-shape  bending  tape  carriers.  In  the  inner  lead 
bonding  (ILB)  process,  the  Au  bumps  on  a  driver  LSI  are  connected  with  the  Cu/Sn  inner  leads  on  a  tape 
carrier  by  high  speed  and  fully  automated  gang  bonding  technique.  The  LSIs  are  encapsulated  with  halogen 
ion  free  epoxy  resin.  In  the  outer  lead  bonding  (OLB)  process,  the  A1  electrodes  on  an  LC  panel  are 
connected  with  the  outer  leads  on  a  tape  carrier  through  anisotropic  conductive  film  (ACF)  by 
thermocompression  apparatus.  The  ACF,  which  consists  of  thermosetting  resin  and  dispersed  Ni  particles, 
realizes  the  highly  reliable  OLB.  The  TFT-LCD  module  reliability  was  confirmed  by  various  environmental 
and  mechanical  tests. 

1 .  INTRODUCTION 

Recently,  TFT-LCD  modules  have  been  intensively  developed.  The  compact  module  structure  is  especially 
required  for  portable  TV  use.  The  key  points  in  the  TFT-LCD  module  technology  are  as  follow: 

1)  Module  design  technology 

2)  Interconnection  technology 

The  TAB  technology,  using  S-shape  bending  tape  carriers,  was  reported  (1)  for  3"  TFT-LCD  modules. 
Although  it  realizes  compact  TAB  modules,  the  structure  is  still  complicated.  The  authors  have  developed 
simple  4"  and  6.5"  TFT-LCD  TAB  modules.  Small  frame  sizes  were  obtained  by  using  U-shape  bending  tape 
carriers. 

For  TFT-LCD  TAB  modules,  high  density  packaging  and  fine  pitch  interconnections  are  also  required.  The 
authors  have  developed  a  high  speed,  fully  automated  inner  lead  bonder  (2).  By  using  this  machine,  a 
highly  productive  inner  lead  bonding  (ILB)  technology  has  been  established.  The  highly  reliabile  outer 
lead  bonding  (OLB)  between  A1  electrodes  and  Cu/Sn  leads  was  also  developed  by  using  highly  reliable 
anisotropic  conductive  film  (ACF). 

This  paper  describes  the  module  structure,  interconnection  technology,  and  the  results  of  reliability 
tests.  The  4"  TAB  modules  are  described  in  detail,  since  there  is  no  significant  difference  between  4"  and 
6,5"  module  techniques. 

2.  4"  TFT-LCD  MODULE  STRUCTURE 

The  external  appearance  of  the  module  is  shown  in  Fig.l.  Figure  2  shows  a  cross  sectional  view  of  the 
bending  part  of  a  tape  carrier.  Specifications  for  4"  TFT-LCD  modules  are  shown  in  Table  1.  The  frame  size 
has  been  minimized  to  12.5  mm. 

The  LC  panel  has  480  source  electrodes  and  220  gate  electrodes,  covering  105,600  pixels.  The  module 
has  four  X-driver  LSIs  and  two  Y-driver  LSIs.  The  X-driver  LSI  has  18  input  electrodes  and  120  output 
electrodes.  The  Y-driver  LSI  has  7  input  electrodes  and  120  output  electrodes.  Au  bump  pads  are  fabricated 
on  each  LSI.  The  Au  bumps  on  a  driver  LSI  are  connected  with  inner  leads  on  a  tape  carrier  by  gang  bonding 
technique.  The  A1  electrodes  on  an  LC  panel  are  connected  with  outer  leads  on  a  tape  carrier  (output 
terminals)  by  using  ACF.  The  X-side  OLB  lead  pitch  is  250  ;iin  and  the  Y-side  lead  pitch  is  230  jun. 

Input  pads  on  a  driver  LSI  are  also  connected  with  inner  leads  on  a  tape  carrier  (input  terminals). 

The  tape  carrier  input  terminals  are  connected  with  electrodes  on  a  printed  circuit  board  (PCB)  by 
soldering.  Chip  parts  and  a  control  IC  are  also  mounted  on  it. 

3.  MANUFACTURING  PROCESS  OF  TAB  MODULES 

Key  processes  in  TAB  technology  are  interconnections.  ILB  and  OLB  are  important  elements  in  the  TAB 
technology. 

3.1  ILB  PROCESSES 

A  Driver  LSI,  with  23  thick  Au  bumps,  was  joined  on  a  70  mm  wide  tape  carrier.  The  tape  carrier 
»sed  is  as  follows.  Polyiraide  film,  which  has  low  thermal  expansion,  is  75  jtxB  thick.  Cu  leads  35  /zi  in 
thickness  are  laminated  on  the  polyimide  film  by  glue.  Sn  layers  0.4  juiii  in  thickness  are  formed  on  Cu 
leads. 

ILB  is  implemented  by  Au-Sn  eutectic  bonding  between  Au  bumps  and  Cu/Sn  leads.  The  Au  atom  diffusion 
-•"to  the  active  area  is  blocked  by  barrier  metal  layers.  On  the  other  hand,  Sn  penetrates  into  the  Au 
9rea.  and  Au-Sn  eutectic  layers  are  formed.  Next,  chip  coating  follows.  The  resin  employed  is  halogen  ion 
1  rce . 
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are  ifiO  intercoiiiieclions  between  inner  leads  and  driver  LSI  Au  hump  pads.  The  inner  lead  pitch 
is  140  ;/in.  ILB  conditions  were  determined  by  mechanical  and  metallurgical  evaluations. 

Optimum  conditions  are  as  follow: 

1)  Bnndinc  temperature  range  is  between  450  *0  and  500  *0. 

2)  Bonding  pressure  range  is  between  50gf/pad  and  70gf/pad. 

3)  Bonding  time  is  approximately  1  second. 

The  pull  off  strength  for  each  inner  lead  was  more  than  30gf/lead. 

3.2  OLB  PROCESSES 

A1  electrodes  on  an  LC  panel  are  connected  with  Cu/Sn  leads  on  a  tape  carrier  through  an  ACF.  It 
realizes  a  lump  interconnection  of  mul ti-terminals  at  low  cost  and  in  a  short  time.  The  OLB  process 
reliability  is  more  important  than  the  ILB  process.  The  reason  is  that  OLB  is  carried  out  mechanically, 
while  ILB  involves  a  metallurgical  process. 

Evaluation  samples  were  fabricated  which  consisted  of  a  tape  carrier  and  A1  electrodes  on  a  glass 
substrate.  These  samples  were  examined  under  high  temperature  and  high  humidity  test  (80  *C  ,  RH  955^,  1000 
hr).  Thermosetting  type  ACF  was  selected  which  had  the  highest  reliability.  Ni  particles  approximately  5 
in  diameter  were  dispersed  in  the  thermosetting  resin  film.  A  cross  sectional  microphotograph  of  the 
OLB  interconnection  area  is  shown  in  Fig. 3.  The  constant  heat  bonder  was  employed  for  OLB. 

Optimum  OLB  conditions  are  as  follow: 

1)  Bonding  temperature  is  170  *C. 

2)  Bonding  time  is  20  seconds. 

By  using  this  ACF,  four  X-side  tape  carriers  with  LSIs  and  two  Y-side  tape  carriers  with  LSIs  were 
connected  with  the  LC  panel,  as  shown  in  Fig.l. 

3.3  TAPE  CARRIER  BENDING  AND  SOLDERING  TO  PCB 

The  tape  carriers  connected  with  the  LC  panel  are  bent  into  a  U-shape,  as  shown  in  Fig. 2.  Input 
terminal  leads  for  driver  LSIs  are  soldered  to  the  electrodes  on  a  printed  circuit  board  (PCB),  where  chip 
parts  and  a  control  IC  are  mounted.  The  pulse  heat  bonder  was  employed  for  this  soldering  process. 

4.  RELIABILITY  TEST  RESULTS 

Reliability  was  examined  for  three  kinds  of  test  samples,  i.e.  ILB,  OLB,  and  modules.  The  test 
conditions  are  summarized  in  Table  2. 


4.1  ILB  RELIABILITY 

Tape  carriers  with  LSI  chips  were  examined  by  storage  tests,  as  shown  in  Table  2.  To  evaluate  the 
reliability,  the  contact  prober  system  was  introduced.  Input  signals  were  supplied  to  the  input 
terminals  and  output  signals  were  measured  at  all  output  pads.  The  results  are  shown  in  Table  3.  The 
numerical  designations  in  Table  3  represent  the  number  of  no~good  samples  per  total  number  of  test 
samples.  All  samples  showed  normal  performance  after  these  storage  tests. 

4.2  OLB  RELIABILITY 

Glass  substrates  with  patterned  Al-Cr  electrodes  were  employed  as  dummys.  The  outer  lead  pitch  was  230 
Attt.  All  pair  Al-Cr  electrodes  on  a  glass  substrate  are  shorted  at  the  end  of  the  electrodes. 

Connection  resistances  were  measured  with  a  digital  multi-meter.  The  test  samples  were  examined  by 
various  environmental  tests,  and  results  were  compared  with  the  initial  resistance  values.  Figure  4  shows 
the  connection  resistance  changes  at  each  pair  pad  position,  during  the  high  temperature  and  high  humidity 
storage  test.  The  changes  in  connection  resistances  after  1000  hours  were  within  1  ohm.  Figure  5  shows  the 
average  connection  resistance  change  values  for  63  pair  pads  during  the  high  temperature  and  high  humidity 
storage  test.  The  test  samples  were  also  examined  by  storage  tests,  as  shown  in  Table  2.  The  results  of 
these  tests  are  shown  in  Table  3.  There  was  no  pad  with  an  open  connection  or  short.  Similar  results  have 
been  obtained  by  other  environmental  tests.  It  has  been  proved  that  the  present  OLB  interconnection  systea 
has  high  reliability. 

4.3  TFT-LCD  MODULE  RELIABILITY 

Various  environmental  and  mechanical  tests,  shown  in  Table  2.  were  also  introduced  for  4"  TFT-LCD 
modules.  The  module  reliability  was  evaluated  by  comparing  the  picture  with  the  initial  state.  There  was 
no  increase  in  defects,  such  as  line  defects,  or  point  defects,  during  these  tests.  The  results  are  shown 
in  Table  3. 

5.  CONCLUSION 

TFT-LCD  TV  modules  were  developed  by  using  U-shape  bending  TAB  technology.  These  modules  were  examine^ 
by  various  environmental  and  mechanical  tests.  It  has  been  proved  that  these  modules  have  high 
reliability.  The  characteristics  for  the  present  modules  are  as  follows: 

1)  The  highly  productive  and  highly  reliable  ILB  has  been  obtained  by  gang  bonding  between  inner  leads 
Au  bump  pads. 

2)  The  frame  size  for  an  LC  panel  has  been  minimized  by  using  U-shape  bending  tape  carriers. 

3)  The  highly  rel labile  interconnections  between  LC  panel  electrodes  and  outer  leads  on  a  tape  carrier 

U2 


Vjavf?  been  achieved  by  using  ACF  consisting  of  Ni  conductive  particies  and  thermosetting  resin. 

*4)  Developed  TFT-LCD  TAB  modules  also  have  high  reliability. 
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Fig. I  4"  TFT-LCD  Module 


Table  1  LCD  Modulo  Si>oc if  i cat  ious 


Items 

Contents 

Display  She  (inch) 

4 

External  Dimensions  (mm) 

108(W)xl05{H)x5.2(D) 

Display  Area  (mm) 

80.6x60.5 

LC  Display  Mode 

Twisted  Nematic 

Driving  Method 

TFT  Active  Matrix  Addressing 

Pixel  Number 

480x220 
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Connection  Pitches  (^m) 
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Fig. 2  LCD  Module  Cross  Sectional  View 
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OLB  Connection  Cross  Sectional  Vi«^w 
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Fig. 4  High  Temperature  and  High  Humidity  Storage 
Test  (70  X:.  RH  95^)  Results  at  Each  Pair 
Pad  Position 


Fig. 5  Average  Value  Changes  for  Connection 

Resistances  during  High  Temperature  and 
High  Humidity  Storage  Test  (70  *C,  RH  95^) 
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Table  3  Reliability  Test  Results 
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abstract 

Recently,  many  kinds  of  fine  pitch  bonding  in  making  an  LCD  (liquid  crystal 

The  authors  have  developed  a  new  face  down  bonding  technique  for  temperature  for  the 

display)  panel.  The  maximum  bonding  tempera  bonding  temperature  is  approximately  150  °C.  Using  a 

liquid  crystal  materials  tbe  1C  electrodes  and  bonding  pads  on  a  glass  substrate 

Te  ToillcLrif  ^¥hiM^h^n\que  is  called  the  "low  melting  point  metal 

P^lnt  metal  bumps  -re  formed  ^on  ^  ^ 

were^clnect^d.  This  process  was  carried  out  at  a  pressure  of 

30  gf/bump  or  less  and  at  a  Pf  above°'^twT kinds  of  reliability  tests  were  carried  out.  One 

Using  the  sample  fabricated  as  o’  joo  =C  for  30  minutes  each,  300  cycles),  and  the 

was  a  thermal  shock  test  (TST;  a  repetitio  90%RH.,  500  hours).  Stable  results  were 

other  was  a  high  temperature  and  high  humidity  test  (70  C,  90XK.H., 

°"'"Ffna!°ly,'dot  S-Vx  LCD  panels,  with  640  x  400  dots,  were  assembled  with  20  driver  IC  chips.  They 
worked  well.  .  4.  4.^0+  +ho  tr  bonds  and  to  repair  them  in  case  of  any  defect. 

1.  INTRODUCTION 

The  bare  chip  assembly  technology  has  great  importance  in  high  density  and  minimized 
electronic  devices."''^'  Since  the  IC  electrodes  become  multi-pm  with  a  fine  pitch,  a  technique  fo 
connecting  the  electrodes  and  conductive  patterns  should  be  further  developed.  ,,  Thpv 

Recently,  LCDs  (liquid  crystal  displays)  are  becoming  popular  in  various  display  applications.  They 
are  consider^  to  obtain  a  large  market  share  in  the  future,  instead  of  cathode-ray  tubes.  Because  an  LCD 

has  a  large  number  of  picture  elements,  its  driver  ICs  have  to  supply  many  signals  corresponding  to  the 

number  of  individual  picture  elements .  Therefore,  the  COG  (chip  on  glass)  technique,  which  can  be  used 

Lnding  twerat.ure  is  lisited  by  the  heat  resistance  teaperatures  for  the  liquid  CfysUl  oateriaU  an 
nolariLr  pLte  which  are  generally  approximately  150  “C.  However,  the  conventional  flip  chip  method  is 
lot  applicLle  for  assembling  driver  ICs  on  the  LCD  panel,  because  the  heat  resistance  temperature  for 

“  T.'Vi^°US,ine\h'.“dVVe°‘att'bo^^^^^^  a  ne.  face  do.,  bonding  terb.iqu,  for  tC» 

panels  Us^  l"Z  point  .etal,  such  as  an  indlu.  alloy,  the  driver  1C  electrodes  and  con  u  t 

patterns  on  the  glass  substrate  can  be  connected  at  a  temperature  less  than  150  C.  This  is  called 

"low  melting  point  metal  connection  (LMC)  technique".  .  a  ,  u  ,.ein=hiiitv  test 

This  paper  describes  the  bump  formation  method,  the  results  of  experimental  bonding,  relia  > 

and  trial  manufacture  of  640  x  400  dot  matrix  LCD  panels  with  20  ICs  mounted  on  each. 

2.  LMC  TECHNIQUE  OUTLINE 

The  LMC  technique  consists  of  the  following  processes,  as  shown  in  Fig.  1.  Figure  2  show 
schematic  cross-sectional  view  of  a  connection,  using  the  LMC  technique. 

(1)  Produce  low  melting  point  metal  bumps  on  the  gold  bumps  on  the  IC  bonding  pads. 

(2)  Ser  aligning  of  the  conductive  pattern  on  the  LCD  panel  with  these  bumps,  press  and  connect  at  less 
than  150  ®C. 

!’l  .blob  have  p..»d  fbn  bunt  and  cure  .be  re.in.  Product.  .b.r> 

failed  the  test  must  be  repaired. 

(5)  Carry  out  the  final  inspection  for  the  LCD  panel. 


3.  LMC  TECHNIQUE  CHARACTERISTICS 


The  LMC  technique  features  are  as  follows. 

(1)  The  bonding  temperature  can  be  specified  at  less  than  150  C,  because  indium  f.-it 

the  low  melting  point  metal.  An  alloy  containing  indium  is  so  ductile  that  it  is  difficult 
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Fig. 2  Schematic  cross-sectional  view 
of  connection  for  LMC 


Fig.l  Assembly  process  block  diagram 
for  prototype  LCD  panel 


Table  2  Glass  substrate  specification 


Substrate  size 

50  X  50mm 

Substrate  thickness 

1 , 1  mm 

Conductive  pattern 

ITO/NI 

Table  1  Specification  for  X  and  Y  driver  IC  and  test  IC 


X  driver  IC  test  IC 

Y  driver  IC 

Chip  size 

6. 1  2  X  5.36mm 

5.22  X  6.44  mm 

Number  of  pads 

99 

117 

Minimum  pod  pitch 

162  ^  m 

1 32  /im 

Chip  thickness 

440  ±40 

Goid  txmp  height 

18  ± 

2  /xm 

Bump  dimensions 

85  X  85  /4m  1 

connected  portions  with  thermal  shock. 

(2)  The  mounting  time  for  multi-output  IC  can  be  reduced,  because  all  terminals  can  be  connected 
simultaneously. 

(3)  Mounting  cost  can  be  reduced^  because  of  the  small  quantity  of  components  for  assembly. 

(4)  High  density  mounting  is  possible^  because  of  the  small  connection  area. 

(5)  Repair  work  is  easier. 

4.  BUMP  ELECTRODE  FORMATION 

Table  1  shows  the  specification  for  X  and  Y  driver  ICs  for  an  LCD  panel,  and  test  ICs,  which  are  used 
herein.  The  test  IC  was  manufactured  for  measuring  the  contact  resistance  under  the  same  specification  as 
the  X  driver  IC.  Chip  sizes  for  the  test  IC  and  X  driver  IC  were  5.12  x  5.36  x  0.44  mm,  around  which  99 
gold  bump  pads,  85.0  x  85.0  fj.  m  in  dimensions,  were  aligned.  The  minimum  pitch  for  the  gold  bumps  was  162 
u  m,  and  the  height  thereof  was.  18  ±  2 //  m.  Aluminum  wires  for  the  test  IC  were  connected  for  every  other 
pad,  designed  so  that  the  contact  resistance  could  be  measured. 

On  the  other  hand,  the  chip  size  for  the  Y  driver  IC  was  5.22  x  6.44  x  0.44  mm,  around  which  117  gold 
bump  pads,  85.0  x  85.0  m  in  dimensions,  were  aligned.  The  minimum  pitch  for  the  gold  bump  was  132  u  m, 
and  the  height  thereof  was  18  t  2  //  m. 

The  IC  chip  was  precoated  with  flux,  and  dipped  in  a  molten  indium  alloy  bath  heated  to  170  -  200  ®C 
for  several  tens  of  seconds.  The  flux  reduced  and  removed  the  oxide  film  from  the  bath  surface,  so  that 
the  indium  alloy  bump  electrodes  could  be  selectively  formed  only  onto  the  gold  bumps  on  the  IC.  After 
electrode  formation,  the  IC  was  cleaned  by  an  organic  solvent,  so  as  to  remove  the  flux  and  other  residua. 
The  indium  alloy  bumps  are  shown  in  Fig.  3.  Its  cross  section  is  shown  in  Fig.  4.  It  can  be  observed 
from  Fig.  4  that  a  shallow-bowl-shaped  bump  was  formed  on  an  about  20  /U  m  gold  bump.  The  electrode  height 
was  about  30  -  40  // m,  including  the  gold  bump  height.  The  bump  shearing  strength  ranged  from  50  to  75  gf . 
It  was  found  that  the  bump  was  not  separated  at  the  gold  bump  and  indium  alloy  boundary  interfaces. 

5.  TEST  ASSEMBLY  ON  A  GLASS  SUBSTRATE 
5-1.  BONDING  EXPERIMENTS 

Connections  were  made  between  the  test  IC  (refer  to  Table  1  )  and  the  test  glass  substrate  (Table  2). 
When  an  actual  connection  process  is  considered,  a  wider  range  for  the  connection  condition  is  favorable. 
This  report  discusses  connection  load.  A  connection  load  was  in  the  0.5  -  3.0  kgf  range  per  chip.  As 
the  test  IC  had  99  pads,  the  connection  load  per  bump  reached  1/100,  and  5  -  30  gf  per  bump  was  obtained. 

5-2  RESULTS  AND  DISCUSSION 

Approval  or  disapproval  of  these  connection  conditions  was  judged  by  measuring  the  contact 
resistance.  The  resistance  was  measured  using  four  probes,  applying  a  prol)t?r  to  the  teat  glass  substrate. 
Fig.  5  presents  the  relations  between  the  percent  defective  of  connection  and  contact  resistance 
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Fig. 3  Indium  alloy  bumps,  with  SEM 


^  1C  chip  mUHHHHHMHHii 

Fig. 4  Cross-sectional  view  of  bump  with  SEM 


CL 


Connection  load  (kgf/chip) 

Fig. 5  Percent  defective  of  connection  and  contact 

resistance  versus  connection  load  per  IC  chip 


Table  3  Reliability  tests 


Test  condition 

Cycles  or  time 

thermal  shock  test 

-40/l00t ,  30/30  min. 

300  cycles 

high  temperature  and 
high  humidity  test 

70*C,90%R  .H. 

- - - - 

500  hours 

versus  the  connection  load  per  1C  chip.  When  the  connection  load  for  the  IC  chip  was  ^  gf/bump-  the 
percent  defective  of  connection  was  high.  On  the  other  hand,  when  the  connection  load  the  JC  chip  was 
10  -  30  gf/bump,  the  percent  defective  of  connection  was  low,  and  a  wider  condition  range 

obtained  without  a  short  defect  between  adjacent  bumps.  This  value  causes  very  little  damage  to  the 
elements  on  the  ground  that  the  connection  load  is  lower  compared  with  the  traditional  wire  bonding 
method  or  the  TAB  ftape  automated  bonding)  method.  It  was  also  found  that  the  mean  contact  resistance  was 

less  than  1  ohm. 


6.  RELIABILITY  TESTS 

Two  kinds  of  reliability  tests  were  carried  out  as  indicated  in  Table  3.  One  was  a  thermal  shock 
test  (TST; repeat  -40  and  100  ‘'C  for  30  minutes,  respectively)  for  300  cycles.  The  other  was  a  hig 
temperature  and  high  humidity  test (70  °C,  90  %R.H.)  for  500  hours. 

^  The  TST  test  results  are  shown  in  Fig.  6.  The  high  temperature  and  high  humidity  test  results  are 
shown  in  Fig.  7.  An  epoxy  family  resin,  developed  for  the  LMC,  was  employed  as  the  sealing  resin. 


Cycles 

Fig. 6  Thermal  shock  test  results 


Time  (h) 

Fig. 7  High  temperature  and 

high  humidity  test  results 


,?,.vipwiru'  I  Sk'si'  rosnlls,  it  was  found  t.iiat.  <>xistod  stalulily  in  hofh  1.Ik‘  T:;T  and  th(*  hii'h 

'Jf’*  Jind  In  !;[i  liunidity  tost,.  Furt.hormoro ,  it.  was  oonoludod  from  t  hc'so  ta'sult.s  that,  t.ho  LMC 

' roliahio  mot  hod, 

ON'  A  PROTOTYPK  VFRY  FINK  DOT  MATRIX  LCD  PANEL 

Protot.ypo  tosts  on  vory  fino  dot.  matrix  LCD  panols  wcro  carriod  out,  based  on  assemblies  on  test 
•  lass  substrates.  Tlio  dot  matrix  LCD  panels  have  640  x  100  dots.  The  mount.ed  ICs  consisted  of  IG 
pitM:es  of  the  X  driver  IC,  80  outputs,  and  4  pieces  of  the  Y  driver  IC.  100  outputs.  The  structure  for 
conduct.ive  pattern  of  the  LCD  panel  was  equivalent  to  that  for  the  test  glass  substrate,  where  nickel 
.yittern  is  formed  on  the  I  TO  (iridium  tin  oxide)  pattern. 

prntiing  inspection  for  every  IC  chip  was  conducted  after  mounting.  Tlie  IC  was  repaired  if  there  was 
I  roriiiection  d(»f(H't.  At  this  time,  the  chip  could  be  easily  separated.  Unless  any  defect  waj;  found 
luring  I'iio  inspection,  a  newly  developed  resin  was  impregnated  and  cured.  The  resin  impregnation  was 
yiickly  acn-ompl  isfuHl  capillary  phenomenon. 

Power  source  lines  and  signal  inputs  in  the  LCD  panel  wer'e  connected  by  an  anisotropic  conductive 
using  an  FPC  (flexible  printed  circuit).  Figs.  8  and  9  show  the  pr'ototype  LCD  panel.  An  enlarged 
.j.fiire  of  the  connection  area  appears  in  Fig.  10. 

Th('  test  pattern  for  the  display  screen  appeared  throughout  the  display  area,  and  it  could  be 
isc('r ta i ned  whether  or  not  a  normal  image  was  displayed  on  every  IC.  A  normally  operating  product  coultl 
;je  obtained.  Fig.  11  shows  a  display  screen  for  the  LCD. 

rONCLUSlON 


Results  in  regard  to  the  LMC  technique  can  bo  summarized  as  follows. 

■1)  A  10  -  20  urn  indium  alloy  bump  electrode  was  able  to  be  formed  on  i  gold  bump  by  the  dip  method. 

(2)  Chips  could  be  connected  to  the  nickel  pattern  at  low  pressure  (30  gf/bump  or  loss)  and  low 
‘omperature  (150  °C  or  less).  The  mean  contact  resistance  was  less  than  1  ohm. 

:  :n  This  technique  allows  easy  testing  and  repair. 

U  It  has  been  proved  through  reliability  test  that  the  contact  resistance  did  not  increase  by  the  TST 
rnpf^at  -40  and  100  °C  for  .10  minutes  each,  300  cycles)  and  the  high  tempe^rature  and  li  i  gh  humidity  test 
,70  ’C.  90  %R.H. ,  500  hours). 

5)  It  was  po.ssible  to  obtain  prototype  operationable  640  <  400  dot  matrix  LCD  panols. 

It  was  verified  from  above  that  the  LMC  technique  was  applicable  to  mounting  a  bare  chip  IC  at  low 
M'mporaturo.  This  method  can  be  applied  to  LCD  panols,  and  to  many  other  kinds  of  electronic  equipment. 


Fig. 8  Prototype  LCD  panel 
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Abstract 

This  paper  describes  a  new  pillar-shaped  via 
structure  In  a  Cu-polylmide  multilayer  substrate 
and  its  novel  fabrication  process.  The  process 
forms  a  fine  rectanprular  via  conductor  by  pattern 
electroplating:  using-  a  thick  positive 
photoresist.  Furthermore,  a  flat  polyimide 
dielectric  layer  is  formed  only  by  the 
photolithographic  process  using  a  photosensitive 
polyimide  precursor.  The  resulting  pillar-shaped 
via  conductor  is  30  /iin  square  and  25  /iin  thick. 

The  area  occupied  by  this  via  conductor  is  25  % 
smaller  than  a  conventional  via  not  filled  with 
copper  conductor,  the  interconnection  density  is 
twice  as  high,  and  the  thermal  resistance  is  50  % 
less.  This  new  via  structure  is  suitable  for 
high-speed  signal  transmission  in  a  Cu-polyiraide 
multilayer  substrate. 


Fabrication  Process  of  New  Via  Structure 

The  fabrication  processes  of  the  new  via 
structure  and  the  conventional  one  are  compared 
in  Figure  1.  (1)  A  thin  copper  film  is  deposited 

by  electroless  plating  and  the  first  conductor 
signal  line  is  formed  by  electroplating.  (2)  Via 
patterns  are  formed  In  a  thick  positive 
photoresist.  (3)  A  copper  conductor  pillar  is 
built  in  the  via  patterns  by  electroplating,  and 
the  positive  photoresist  and  the  electroless 
plated  film  are  removed.  (4)  A  photosensitive 
polyimide  precursor  is  splncoatcd  and  prebaked. 
(5)  After  exposure  using  the  new  photomask  with  a 
continuously  varying  transparency  of  the  exposure 
encrg>',  the  polyimide  precursor  is  developed  and 
cured  to  give  a  thick,  flat  polyimide  dielectric 
layer.  (6)  The  second  conductor  signal  line  is 
formed.  Processes  (1)  to  (6)  are  repeated  to 
give  a  multilayer  substrate. 


Introduction 


I  New  Process 


Conventional  Process 


Steady  advances  in  the  speed  and  integration 
scale  of  LSIs  have  created  a  demand  for  higher 
density  packaging  to  reduce  signal  transmission 
delay  and  thus  improve  electrical  performance. 
Multilayer  substrate  packages  with  low 
resistivity  copper  signal  lines  and  a  polyimide 
dielectric  layer  with  a  low  dielectric  constant 
have  been  developed  for  high  performance 
electronic  systems . ^ ^ ^ 

In  conventional  Cu-polyimide  substrate 
packaging  techniques,  including  via  fabrication 
in  which  copper  is  deposited  on  the  side  walls  of 
via-holes , the  upper  via  cannot  be  stacked 
up  on  the  lower  one.  Therefore  the  via  conductor 
occupies  a  large  area  in  the  package  and  when  the 
via  is  formed  for  interconnecting  several  layers, 
the  signal  lines  are  long. 

A  pillar-shaped  via  structure  filled  with 
copper  conductor  has  been  proposed  to  overcome 
these  problems However,  the  fabrication 
process  involves  mechanical  polishing  for 
flattening  the  polyimide  dielectric  layer. 
Mechanicaj  poiisiiiiig  is  a  complicated  and  time- 
consuming  process,  and  the  dielectric  layer 
surface  may  be  damaged. 

This  paper  describes  a  new  technique  for 
fabricating  a  pillar-shaped  via.  It  forms  a  fine 
rectangular  via  conductor  using  thick  photoresist 
patterning.  After  photosensitive  polyimide 
precursor  coating  and  prebaking,  the  dielectric 
layer  surface  is  planarized  by  a  new 
photolithography  technique  instead  of  by 
mechanical  polishing. 


11  First  Signal  Line  Formation  (];  First  Signal  Line  Formation 


.First  Signal 
Line 

Substrate 


12  Photoresist  Patterning 


Fnotores'St 


(3.  Etectroolating, 

Resist.  Conductor  Film  Removing 


First  Signal 


(2'  Polyimide  Precursor  Coating, 
Prebaking 


Polyimide 

Precursor 


(3)  Patterning.  Curing 


Polyimide 

Dielectric 


(4-  Polyimide  Precursor  Coating. 
Prebaking 


(41  Conductor  Fiim  Deposition. 
Photoresist  Patterning 


Figure  1  Fabrication  process  for  a  multilayer 
substrate 
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One  feature  of  this  process  is  the  formation 
,1’  fine,  rectangular,  high  aspect  ratio  via 
nitterns  in  a  thick  positive  photoresist,  which 
is  about  20  or  30  times  as  thick  as  that  of  an 
icr  process.  In  the  conventional  process,  via 
nMtterns  are  formed  during  polyimide  layer 
formation,  so  the  diameter  of  the  top  of  the  via 
Is  about  twice  the  polyimide  layer  thickness. 

The  other  feature  is  the  formation  of  the 
flat  polyimide  layer  by  a  new  photolithography 
technique.  Since  the  solvent  of  the 
nhotosensitive  polyimide  precursor  evaporates 
during  prebaking,  there  is  a  height  difference 
between  the  dielectric  layers  on  the  conductor 
surface  and  on  the  substrate.  This  height 
difference  was  reduced  and  a  flat  undamaged 
polyimide  layer  was  obtained  by  making  use  of  the 
nroperty  that  exposure  energy  determines  the 
polyimide  precursor’s  solubility  in  the  developer 
and  its  configuration  during  curing.  Thus  a 
ohotoraask  was  used  that  could  control  an  exposure 
energy  corresponding  to  the  height  difference  to 
be  reduced. 


FYperimental  Results 
(1)  Conductor  Formation 

A  fine  pillar  copper  conductor  is  required 
for  high  density  packaging.  The  technical 
problem  is  forming  a  fine  rectangular  pattern  for 
electroplating  using  a  thick  positive 
photoresist.  Careful  control  of  an  exposure 
energy  and  a  development  time  can  obtain  the  good 
pattern  cross-sections  of  a  thick  positive 
photoresist  shown  in  Figure  2. 

After  patterning  of  a  photoresist  and 


Figure  2  Good-shaped  pattern  cross-sections  of 
positive  photoresist 


Figure  3  Cross-section  of  copper  conductor 


eleciroiaaiing,  a  .  i.n.’  via  eoppiM*  coruiucior  was 
formed.  Figure  3  shows  t:he  30  /tm  square  and 
^m-thick  via  copper  conductor  after  the 
photoresist  had  be?*n  romoved.  Th(»  taper  angle 
between  the  verticai  line  and  the  side  of  the 
conductor  is  about  7  degrees. 

(2)  Dielectric  Laver  Formation 

A  polyimide  dielectric  layer  must  be 
planarized  to  stack  an  upper  via  on  a  lower  via 
in  the  multilayer  substrate. 

Figure  4  shows  the  principle  of  the  novel 
process  for  forming  a  flat  polyimide  dlele  • • !  . 
layer  formation  by  photolithography.  Aftev 
spincoating  and  prebaking  the  photosensitive 
polyimide  precursor,  there  is  a  height  diflerence 
bet'*^"en  the  inyers  on  the  conductor 

surface  and  on  the  substrate  because  the  solvent 
of  the  polyimide  precursor  evaporates  (Figure 
4(a)).  A  photosensitive  polyimide  precursor 
behaves  as  a  negative  photoresist.  Because  the 
exposure  energy  determines  the  polyimide 
precursor’s  solubility  in  the  developer,  the 
exposure  energy  was  controlled  by  changing  the 
pattern  on  the  photomask  according  to  the  hc.1ght 
difference  to  be  reduced.  The  photomask  has 
three  sections  with  different  transparencies  to 
the  exposure  energy  (Figure  4(b)):  One  is 
transparent  for  complete  polyimide  layer 
formation,  one  is  not  transparent  for  removing 
the  polyimide  precursor,  and  the  other  has 
variable  transparency  continuously  controllable 
by  changing  the  intervals  between  neighboriKt 
small  holes.  After  the  polyimide  precursor  .is 
exposed  using  this  photomask,  it  is  developer,  and 
cured  to  give  a  flat  polyimide  dielectric  layer 
(Figure  4(c) ) . 


Via  Conductor 

/  Precursor 


Polyimide 


Pho  lorn  ask 


After  spincoating  and 
prebaking  the  polyimide 
precursor 


Polyimide 

Dielectric 


(b)  Photomask  and  effective 
exposure  energy 
corresponding  to  the 
height  difference 


(c)  After  exposing, 

developing  and  curing 


Figure  4  Principle  of  polyimide  dielectric  layer 
format  ion 
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Fl^rurc  5  shows  the  results  of  the  cross- 
soctlonal  analysis  of  the  polylinlde  d i eject rie 
layer  near  the  vJa  conductor.  When  the  photosask 
has  only  exposure  and  non-exposure  sections,  the 
projection  Is  more  than  10  which  is  about 
half  as  thick  as  the  polylmide  layer.  On  the 
other  hand,  when  the  photomask  has  0.5  /iiD- 
dlameter  small  holes  in  addition  to  exposure  and 
non-exposure  sections,  the  projection  is  small 
and  within  3  //m.  These  results  show  that  a 
photomask  with  small  holes  corresponding  to  the 
height  difference  to  be  reduced  is  effective  in 
reducing  the  height  difference  and  flattening  the 
polylmide  dielectric  layer. 


lyifwidc. 

•lectnc  Layer 
I  Conductor 

10//m 

Figure  6  Cross-section  of  3-laycr  interconnect 
structure 

lOi - , 


(3)  Pillar-Shaped  Via  Formation 

Based  on  the  results  of  these 
investigations,  a  via  of  3-layer  interconnect 
structure  shown  in  Figure  6.  The  via  conductor 
is  30  jum  square  and  25  thick  per  layer.  New 
techniques  proposed  here  can  realize  a  fine  and 
good-shaped  via  structure  with  a  pillar-shaped 
conductor  and  a  flat  polylmide  dielectric  layer. 

Figure  7  shows  measurements  of  via 
electrical  resistances  using  the  substrate  shown 
in  Figure  8.  The  cross-sectional  diameter  of  the 
via  ranged  from  30  urn  to  130  /im.  A 
conventional  via  has  an  electrical  resistance  per 
via  of  about  0.8  mo  when  the  via  diameter,  d,  is 
about  100  )um.  A  new  pillar-shaped  via  of  the 
same  has  an  electrical  resistance  that  is  less 
than  0.5  mo  is  proportional  to  d  Thus,  the 
electrical  resistance  of  a  pillar-shaped  via 
conductor  is  about  30  %  less  than  that  of  the 
conventional  one. 
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Figure  7  Measurements  of  via  electrical 
resistance 


Figure  8  Substrate  for  measurements 


Figure  5  Projection  of  polylmide  dielectric 
layer 
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Let  us  consider  the  area  required  to 
•nterconnoct  severai  layers  and  the  thermal 
conductivity  in  a  multilayer  substrate  with  new 

Figure  9  shows  the  structure  of  a  4-layer 
*ubstrate  and  connections  including  the  vlas. 

Here  the  via  diameter,  d,  is  50  jura»  via 
thickness.  H,  Is  25  >im,  and  the  upper  via  pitch. 
0(i+s,  is  200  /xm.  In  the  conventional  via  shown 
in  Figure  9(b).  the  upper  via  cannot  be  stacked 
on  the  lower  one.  so  the  structure  is  spiral  and 
the  area  occupied  by  the  via,  4d^ ,  is  at  least 
iO  000  xxm  The  interval  between  neighboring 
vias.  s.  is  100  mOi,  and  there  is  one  signal  line 
in  Che  center  position.  On  the  other  hand,  in 
the  new  via  shown  in  Figure  9(a),  the  area,  d^, 
is  2.500  xxm  the  interval  between  neighboring 
vLas,  d+s.  is  150  Atm  and  there  is  room  for  at 
least  two  signal  lines  between  two  vias. 

The  characteristics  of  the  via  were 
evaluated  by  estimating  the  density  of 
interconnection  signal  lines  and  the  thermal 
resistance  as  shown  in  TABLE  I.  Comparing  the 
unit  areas  shown  in  Figure  9,  the  density  of 
interconnection  signal  lines  is  twice  as  large  in 
the  new  via  as  in  the  conventional  one.  When  the 
via  is  only  to  radiate  heat,  the  thermal 
resistance  is  76  K/W  for  the  new  via  and  163  K/W 
for  the  conventional  one.  Thus,  the  thermal 
resistance  of  the  new  via  is  less  than  50  %  that 
of  the  conventional  one. 

These  results  show  that  a  pillar-shaped  via 
structure  fabricated  by  this  new  process  is 
suitable  for  high-performance  and  high-power 
electronic  systems. 


TAbl.F  i  CharaiM.cjr  i  s t  i.cs  of  th(^  via  conductors 


New  Via 

Conventional  Via 

Density  of  the  Interconnection 

Signal  Lines  (per  unit  area) 

2 

1 

Thermal  resistance  (K/W) 

7  6 

1  6  3 

Conclusion 

A  new  pillar-shaped  via  structure  has  been 
developed  for  a  Cu-polyimide  multilayer 
substrate.  A  fine  rectangular  via  pattern  is 
formed  by  electroplating  using  a  thick  positive 
photoresist,  and  a  flat  polyimide  dielectric 
layer  is  formed  by  photolithography.  An 
experimental  Cu-polyimide  3-layer  interconnect 
substrate  with  a  pillar-shaped  via  structure  had 
a  via  diameter  ranging  from  30  wm  to  130  xxm 
with  a  thickness  per  layer  of  25  Aim. 

Furthermore,  a  4-layer  interconnect  substrate  had 
twice  the  density  of  the  interconnection  signal 
lines  and  less  than  40  %  of  the  thermal 
resistance  of  a  conventional  one.  This  pillar¬ 
shaped  via  structure  is  suitable  for  high- 
performance  electronic  systems  which  enable  high¬ 
speed  signal  transmission. 
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ABSTRACT 

Nowadays  multilayer  substrate  with  excellent 
characteristics  have  been  required  increasingly  for 
miniaturizing,  and  achieving  high  level  functions. 
The  authors  have  attempted  to  produce  a  high 
density  functional  module  including  new  polymeric 
substrate  technology.  The  module  consists  of  three 
parts:  the  multilayer  substrate,  the  block 

including  electrical  parts  and  the  thin  film 
resistor  sheet.  A  polycarbonate  resin  film  was 
selected  as  the  substrate.  A  conductive  paste  made 
from  silver  powder  and  thermoplastic  resin  binder 
was  printed  on  the  polycarbonate  resin  film.  Then 
these  films  are  piled  up  and  laminated  by  thermal 
press.  The  parts  are  placed  and  molded  into  a  shape 
of  block  with  UV  curing  resin.  The  resistor  layer 
is  formed  by  sputtering  a  thin  NiCr  film  on  the 
polyimide  resin  coated  stainless  steel  plate.  The 
parts  block  and  the  resistor  sheet  are  aligned  to 
the  substrate  corresponding  to  their  electrodes, 
then  adhered  each  other  with  adhesive  resin.  In 
this  paper,  we  discuss  the  actual  processes 
of  the  manufacturing  of  the  module  according  to  the 
new  mounting  method. 

crystal  display  pocket  TV,  the  handy  size  personal 
computer,  the  pocket  bell,  the  video  movie  camera 
and  the  electronic  still  camera,  the  requirements 
for  electronic  systems  miniaturization  are  still 
strong.  Accordingly,  tecnology  is  still  needed  for 
mounting  parts  in  higher  density.  The  authors  have 
been  trying  to  develop  a  new  high-density  mounting 
technology,  which  is  based  on  the  plastic 
multilayer  structure,  aiming  at  a  microminiaturized 
mounting  method  and  a  simpler  process.  This  report 
describes  the  process  for  developing  the  functional 
block  module,  trially  fabricated  using  plastic 
multilayer  substrate  fabrication  method  and  the  new 
mounting  method,  using  the  film  resistor  element. 

2.  FUNDAMENTAL  TECHNOLOGY  IN  NEW  MOUNTING  METHOD 

(1) 

2.1  Plastic  Multilayer  Method 
This  procedure  makes  the  manufacturing  possible 
for  the  multilayer  substrate  without  any  special 
processes  by  thermally  pressing  the  plural ly 
laminated  films  of  thermoplastic  resin  ,  which  has 
previously  been  perforated  and  is  printed  with  the 
conductor  paste.  whose  binder  is  thermoplastic 
resin.  The  fabricating  processes  and  structure  for 
the  plastic  multilayer  substrate  are  shown  in 
Fig.l.  Features  in  this  plastic  multilayer 
substrate  technology  are  the  capability  of  eas  ily 
fabricating  the  multilayer  substrate  through  the 
simple  process  without  any  special  restricton  in 
regard  to  the  number  of  conductor  layers,  the 
ability  to  make  one  layer  remarkably  thin,  since 
the  thermoplastic  film  is  used  as  one  layer,  and 
the  fact  that  the  fabricated  plastic  multilayer 
substrate  is  provided  with  flexibility,  thermal 
shock  resistance  and  bendability,  whose  levels  are 
higher  than  those  for  the  conventional  printed 
circuit  board. 


1.  INTRODUCTION 

The  commercial  state  of  the  hybrid  IC.  fabricated 
by  the  thick  film  technology,  are  adoption  of  Cy 
paste  and  multilayer  substrate.  Aiming  at  higher 
desnity.  higher  layer  multiplication  and  higher 
function  multiplication,  the  technology  for  green 
sheet  multilayer  wiring  substrate.  Cu  multilayer 
wiring  substrate,  low  temperature  concurrently 
fired  substrate,  high  heat  conductive  substrate  and 
film-condenser  element  have  positively  been 
researched  and  developed.  On  the  contrary,  for  the 
printed  wiring  board  made  of  resin,  technology 
regarding  single  and  double  sided  boards,  and 
multilayer  board  has  already  been  established. 
Although  the  techonlogy  for  fine  wiring  pattern 
with  multilayer  board  and  for  mounting  with  SM[) 
have  been  developed  to  a  certain  degree,  research 
and  development  for  improving  the  board  by  adopting 
the  new  manufacturing  process  for  the  board  and  the 
introduction  of  a  film  element  can  not  be  said  to 
have  been  sufficiently  promoted.  On  the  other  hand, 
viewed  from  the  product  side.  though 
miniaturization.  high  level  functions  and 
mu  1 1 i “funct ions  have  been  realized  in  the  liquid 

(2) 

2.2  Film  Resistor  Array  Sheet 
The  chip  type  resistor  is  conventionally  used  as 
the  resistor  on  the  printed  circuit  board.  However, 
if  resistor  can  be  taken  the  form  of  a  film 
resistors  array,  it  becomes  possible  to  provide  it 
as  a  part  of  the  substrate  resulting  in  reducing 
the  space  required  for  the  parts,  the  reduction  in 
the  required  quantity  of  parts  and  the  reduction  in 
complicated  processes  involved  in  mounting.  This 
means  the  module  reliability  can  be  expected  to  be 
improved.  The  technology  has  been  developed  for 
arranging  the  metal  thin  film  resistor  elements, 
which  have  resistance  characteristics  equivalent  to 
those  for  the  chip  type  resistor  suitable  to  this 

_ _ _  _ _ M  -  Perforated  via  hole 


. . . Pol vearbonate 


Conductive  pattern 


■Heating  &  Pressing* 


Fig.l  New  polymeric  multilayer  substrate 
technology  constructing  processes 
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Kv  applying  cnis  i,c-iaiiiwiu>,^  .  . 

wi  plastic  multilayer  substrate,  a  subs,.rate 
!‘r.,V  with  the  desired  resistance  resistors  can 
„rovid<-  sheet  structure  for  the  metal  thin 

'  '■*'  /sistor  element,  developed  for  this  purpose 
ilm  Pj  2.  Fundamental  characteristics  of 

*:*^resistor  are  shown  in  Tab.l. 


■)  s'ather  on  the  sheet  '.n  the  .irr.ive'i 
applying  this  technology  to  the  above 


•  witn  - - - 

I  i7ed  The  sheet  structure  for  the  metal  thin 
'■‘'tisistor  element,  developed  for  this  purpose 

filffl  rCSA  ^  ^  ^ _ j _ _4.^1  a  f'nr't- #sr  i  1  <'5?  of 

IS 

this 

1  level  Connection  Technology  ... 

-the  mounting  method  aimed  at  in  this  report. 

the  substrate  level  and  the  film  resistor 
level  are  required  to  be  connected  with  each 
sheet  connection  cannot  be  made  using 

Accordingly,  research  and  development  on 
level  connection  method  has  become  necessary, 
fhis  reason,  this  process,  the  technology  for 
erting  substrate  levels  to  each  other  has  been 
‘■'"^abiished.  As  shown  in  Fig. 3.  level  connsctoin  is 


accompli  she, 1  :  •  !.  pr-ss.  appivmg 

an  adhosLv**  ait.ir  ivni  plastic  muitilayer 

substrate  and  lilm  resistor  slu'et  are  appropriately 
aligned.  At  this  time,  by  having  the  conductor 
printed  on  either  plastic  layer  substrate  side 

or  resistor  sheet  side  referring  to  the  portion  to 
be  connected,  satisfactory  connection  can  be  made. 
By  this  method,  a  highly  stable  connection  can  be 
obtained.  Since  this  method  is  applicable  to  level 
connection  with  each  other,  this  is  also  applicable 
to  connecting  the  parts  block,  described  later, 
with  this  substrate. 

3.  FUNCTIONAL  BLOCK  MODULE  DESIGN  BASED  ON  NEW 
MOUNTING  METHOD 


3-1  Fundamental  Structure 
The  following  reports  on 
module  trially  fabricated 


the  functional  block 
accordinc  to  the  new 


testing  item 

test  sample  _ _ 

JIS6407  spec- 

test 

5oa 

ified  value 

condition 

resistance 

+  5% 

±5% 

±5% 

.1  (±5%)  _ 

[OieiallV.v  - - 

high  frequncy 
fharactristics  ^ 

Rf/Rdc 

1.00 

0.99 

on  OHh 

0.87 

-91  'Wh 

at  lOOkHz 

rurrent  noise 
thermal  coef- 
firionf  patio 

-26. 4db 

<10000111 

-zu. yoD 

<150DDm 

c  1  •  \XIU 

<150ppm 

<50kQ  <300ppa 
>S0kQ  <500ppm 

1  ii.ieiiL  1  at.  lu 

high  humidity 
efnraop  test 

<1% 

<1% 

<1% 

<5% 

70  90-95% 

.500H 

high  temprature 
storage  test 

<1% 

<1% 

<1% 

<3% 

«  _  _ 1 _ 

80  "C 

500H 

1  :  nrt 

SSini  to  So7.  in  this  case  these  tests  were  carried  out  unloading. 


Tab.l  NiCr  thin  film  resistor 

characteristics 


aounting  method  through  applying  the  fundamental 
technology  described  in  item  2.  The  fundamental 
concept  is  as  shown  in  Fig. 4.  First,  the  plastic 
Qultilayer  substrate,  the  parts  block  and  the  thin 
film  resistors  sheet  are  individually  prepared. 
Second,  as  shown  in  Fig.  4(b).  the  plastic 
multilayer  substrate,  the  parts  block  and  the  thin 
film  resistor  sheet  are  aligned,  thermally  pressed 
and  connected  after  applying  the  adhesive  agent. 
Third,  as  shown  in  Fig. 4(c),  the  board  is  bent  and 
the  functional  block,  structured  three 
dimensionally  by  the  three  parts  layers  structure 
and  the  two  substrate  layers  structure,  is 
fabricated.  In  the  following,  the  actual  trial 
fabrication  processes  for  this  functional  block 
module.  based  on  the  fundamental  concept.  is 
described  in  detail.  The  circuit  used  as  the  motif 
is  a  kind  of  liquid  crystal  drive  circuit,  which  is 
shown  in  Fig. 5. 


Terminal;  Cu,  t-300nm 

- Resistor  element; 

NiCr.  t=50nm 
— — ^^Polyimide;  t  =  10^m 
■  ■N<-SUS;  t  =  100yrD 


Fig. 2  Metal  thin  film  resistor  array 
sheet  cross  sectional  view 


3.2.  Parts  Layout 

Prior  to  making  a  wiring  design  for  the  substrate, 
since  the  high  multilayer  structure,  which  is  the 
feature  of  the  plastic  multilayer  substrate,  is 
easily  accomplished  and  the  board  wiring 
flexibility  is  high,  making  good  use  of  this 
feature,  the  processes  are  carried  out  as  follows. 
First,  the  parts  layout  is  determined  and  two  kinds 
of  parts  blocks,  A  and  B,  are  prepared.  On  A  block, 
I'elatively  large  parts,  such  as  the  ICs,  the  high 
capacity  condensers  and  the  large  chip  type 
‘‘esistors  at  a  rated  power  are  laid  together.  On  B 
l^lock,  relatively  small  and  standard  parts,  such  as 
the  transistors  and  diodes  are  laid  out.  The  parts 
layout  drawing,  based  on  this  design  concept,  is 
^liown  in  Fig. 6.  The  distance  between  the  parts  is 
*lf^tormined  as  to  make  the  smallest  mounting  space 
'-'onsidering  the  allowance  on  the  processes. 


Plymeric  multilayer  substrate 


Heating  and  pressing 
with  adhesive  layer 


Thin  film  resistor  array  sheet 


Fig  3  Lamination  betwoon  polymeric  multi- 
l.iypr  substrate  and  resistor  array 
shrot 
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a. 3  Pattern  Design 

The  following  design  standards  are  aF>piied  to  the 
pattern  design. 

Conductor  width/space  width  0.2min/0.2min 

Through  hole  diameter  0.2imnj^ 

I, and  diameter  of  through  hole  portion 

0 . 4mm 

Minmum  through  hole  pitch  O.Sinm 

A  layout  drawing  for  wiring  design,  suitable  for 
the  parts  layout  described  above  is  shown  in  Fig. 7. 
It  is  made  by  applying  the  CAD  technique  with  these 
design  rules.  This  circuit  patterns  are 

accomplished  by  wiring  design  for  the  five 

conductor  layers. 


^  hiocKs  of  chip  type  componoiits  ^ 


. ±iir . . 


Polymeric  mult i layer  — ^ 
substrate 


Thin  film  resistor  array  sheet 


ZJ 


3.4  Thin  Film  Resistor  Pattern  Design 
The  resistor  pattern  is  designed  to  allow  the 

normal  YAG  laser  trimmer  to  be  used  for  the  thick 
film  resistor,  and  also  it  is  designed  to  make  the 
widest  possible  resistance  adjustment  range.  The 
thin  film  resistors  sheet  is  designed  to  have  five 
lines  of  unit  resistor  cells  laterally  and  five 
lines  longitudinally,  for  25  pieces  resistors  total 
within  13.5mm  by  15mm  sheet.  Fig. 8  shows  one 
resistor  cell  pattern.  In  this  pattern,  the 

possible  resistance  adjustment  range  is  from  100 
ohms  to  100  kilo-ohms  by  the  trimming  operation  for 
separating  the  resistor  pattern.  As  the  two 

pieces  of  low  resistance,  the  chip  type  resistors 

are  applied  in  the  trial  manufacturing  at  this  time. 


4-a)  Individual  components  are 
previously 
manufactured. 


Parts 
/ —  Block — 


♦ 


♦ 


Polymeric  multilayer 
substrate 


<  pressing _ 


Resistor  array  _ 

sheet 


4-c)  Functional  block 

module  is  completed 
by  bending  substrate 


4-b)  Individual  components  are 
laminated  at  the  same  time 


4.  TRIAL  FABRICATION  OF  FUNCTIONAL  BLOCK  BY  NEW 
MODULE  MOUNTING  METHOD 

4.1.  Parts  Block  Fabrication 

The  parts  blocks  are  fabricated  according  to  the 
processes  shown  in  Fig. 9.  All  the  parts  selected 
from  the  SMD  parts  are  mounted  on  specified 
position  on  the  adhesive  sheet.  The  UV  curing  resin 
is  injected.  The  adhesive  sheet  is  split  off.  after 
the  resin  is  cured,  to  obtain  a  parts  block  for  a 
flat  level,  on  whose  surface  all  the  terminals  of 
parts  are  exposed  and  aligned. 

4.2.  Plastic  Multilayer  Substrate  Fabrication 

As  the  thermoplastic  resin,  50  a  m  thick 
polycarbonate  resin  film  is  adopted.  For  the  first 
step,  this  film  is  perforated  according  to  the 

instruction  from  the  desigm  data  by  CAD.  The 

nxunerically  controlled  drilling  machine  is  used  for 
drilling  to  make  the  holes  of  0.2mm^.  Through  holes 
in  four  different  patterns  (refer  to  Fig. 10)  are 
perforated  in  a  film  sheet.  Screen  printing  is 

carried  out  on  film  including  the  four  conductor 
layers  at  one  time.  The  screen  printing  is 

accomplished  using  the  factory-made  silver  system 
thick  film  conductor  paste,  for  which  binder 
thermoplastic  resin  is  used.  The  conditions  for 

printing  are  as  follow. 

,  .  n  325mesh  stainless  screen 

Emulsion  thickness  l(^m 

Printer  auto  screen  printer  with 

pattern  recognizing  equipment 

4.3  Connecting  Parts  Block  and  Film  Resistor  Sheet 
with  Plastic  Multilayer  Board 

The  electrode  for  connection  is  made  by  printing 
only  the  connection  portion  of  the  substrate  side 
with  conductive  paste.  The  adhesive  agent  in  the 
liquid  epoxy  resin  system  is  coated  on  the  parts 


Fig. 4  Basic  construction  model 
functional  block  module 


Fig. 5  Trial  product  circuit 


Fig. 6  Parts  arrangement 
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.  .L  Hid  the  'ilia  resistor‘s  sheet.  Afttf  .ipply^ri:; 

‘’kTut  5ks/ cm' pressure,  the  resin  is  cured  at  lOO'C. 
tL  substrate  is  bent  as  shown  in  Fig.Ko)  above. 

is  connected  by  epoxy  resin  adhesive  agent  in 
^u..  same  way  as  described  above.  The  functional 

block  module  thus  fabricated  is  shown  in  Photo. 1. 

^  trial  fabrication  results  and  problems 

^'photo.2  shows  the  hybrid  circuit  module  whose 
is  an  alumina  board  and  its  module  is 
^roLcting  in  present  time.  This  is  the  s<im«  kinds 
circuit  as  that  the  authors  trially  fabricated 
°  this  time  The  results  obtained,  after  comparing 

["o  modules,  are  shown  in  Table  2.  In  the  new 

‘^rcuit  module,  the  projected  area,  the  volume  and 
the  weight  are  markedly  reduced.  The  features  of 
this  mounting  method  are  arranged  as  shown  in  the 

n^Thr"plastic  multilayer  substrate,  when  compared 
with  a  conventional  hybrid  IC,  is  thinner  and 
bendable.  Accordingly,  the  three  dimensional  board 
structure,  the  multi-structure  of  parts  layers,  and 
the  high  density  mounting  in  the  minimum  space 
become  possible. 

?^Since  the  film  resistor  elements  are  able  to  be 
accomodated  in  the  form  of  ’'J'® 

quantity  of  parts  can  be  markedly  reduced.  Also 
it  can  be  made  thinner. 

3) Since  the  fabricated  functional  block  module  has 
only  the  I/O  terminals  exposed  outside  and  has 
other  elements  and  conductor  sealed  with  the  high 
insulative  thermoplastic  resin.  its  ability  to 
resist  environmental  condition  is  high  and  its 
handling  becomes  easy. 

4) Since  the  outward  form  is  regular  size  the 
increasing  the  function  is  easily  realized  through 
piling  up  on  the  other  functional  block  module. 

5) This  mounting  process  is  suitable  for  mass 

product  ion. 

However,  this  new  mounting  method  is  not  yet  a 
completed  method.  In  future,  we  must  establish  the 
confirmation  of  reliablity  and  ^he  conditions  of 

practical  mass  production  processes  of  the  modules. 

6.  CONCLUSION 

A  new  mounting  method  is  proposed  for  fabricating 
a  functional  block  module  by  level  connecting  t 
oiastic  multilayer  substrate  using 
i-h«.mionlasti<'  resin  film,  with  the  parts  block  and 

fu.  .h....  *  t” 

compact  mounting  method.  as  compared  with  the 
convent inal  mounting  method  was  proved  to 
feasible  by  trially  fabricating  an  actual  circui  . 
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Fig. 7  CAD  layout  conductor  pattern  for 
polymeric  multilayer  substrate 
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Fig. 8  Unit 
resistor  cell 
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a)Parts  are  arranged  on  the 
adhesive  sheet 


b)Parts  are  surrounded  by  the  Teflon 
dam  and  OV  cured  resin  is  poured 

a  11  0" 


a  n  u 

c)  Irradiated  by  UV  light 


d)Removing  the  Teflon  dam  and  the  adhesive 
sheet,  the  parts  block  is  completed. 

Fig. 9  Parts  block  manufacturing  process 
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ABSTRACT 

We  have  developed  a  new  process  for  the  manufacture  of  multilayer  ceramic  capacitor  with  copper 
internal  electrodes  (CuMLC) .  The  present  method  employs  low  firing  Pb (Mg i / 3Nb2/ 3)Cuo . o 1^3 . 01  copper 

oxide  paste  as  dielectric  and  conductive  materials,  respectively.  In  this  fabrication  method,  the  organic 
binder  is  burned-out  in  air,  followed  by  reduction  of  copper  oxide  and  sintering.  The  following  electri¬ 
cal  properties  of  CuMLC  were  obtained:  Dielectric  constant,  11000,  dissipation  factor  at  IKHz,  IVrms, 
0.5Z,  insulation  resistance,  >10000!r2F  (at  25°C)  .  In  the  load  humidity  test  (SS^C,  85%RH,  BOV),  no  degra¬ 
dation  of  insulation  resistance  was  found  during  1000  hours  of  testing. 

INTRODUCTION 

Recent  advancements  in  IC  and  LSI  technologies  have  contributed  to  rapid  progress  in  the  development 
of  smaller,  higher  packing  density  and  higher  frequency  electronic  devices.  To  keep  up  with  this  trend, 
compactness,  high  reliability,  and  low  cost  chip  construction  are  also  being  demanded  of  passive  compo¬ 
nents  that  form  electronic  circuits.  Among  many  chip  components,  the  number  of  multilayer  ceramic  capac¬ 
itors  (MLC)  produced  is  increasing  rapidly  due  to  their  following  advantages:  (1)  No  polarity,  small  size 
and  large  capacitance  per  volume,  (2)  High  moisture  resistance  and  high  reliability,  (3)  Small  internal 
inductance  and  excellent  characteristics  at  high  frequency.  Conventional  MLCs  use  noble  metals  such  as 
palladium  and  platinum  as  their  electrode  material  because  of  their  favorable  properties,  i.e.  these 
noble  metals  have  high  melting  points  and  are  hardly  oxidized,  so  that  they  can  serve  as  electrodes  when 
the  noble  metals  and  dielectric  ceramics  in  layers  are  fired  simultaneously  in  air.  However,  these  noble 
metals  are  expensive.  In  addition,  to  produce  MLC  with  large  capacitance  to  replace  conventional  aluminum 
or  tantalum  electrolytic  capacitors,  the  number  of  layers  must  be  increased  and  thus  a  large  amount  of 
electrode  materials  is  required.  The  high  cost  of  the  electrode  materials  has  resulted  in  substantial 
increase  in  the  manufacturing  cost  of  MLC.  In  other  words,  reduction  of  the  electrode  material  cost  is 
the  most  important  key  to  reduce  the  manufacturing  cost  of  large  capacitance  MLC  for  commercial  use.  In 
order  to  reduce  electrode  material  cost,  the  industry  has  been  studying  the  use  of  less  expensive  Ag-Pd 
alloy^)  or  base  metals^)  such  as  Fe,  Co,  Ni  and  Cu  in  place  of  more  expensive  Pd  and  Pt. 

Copper  is  one  of  the  most  promising  candidates  for  internal  electrode  material  due  to  its  low  cost, 
high  conductivity  and  reliability.  However,  copper,  easily  oxidized  if  fired  in  air,  requires  a  neutral 
or  reducing  atmosphere  during  firing.  Meanwhile,  if  fired  in  a  low  oxygen  partial  pressure  atmosphere, 
many  dielectric  materials  become  semiconductive ,  with  insufficient  insulation  resistance  to  serve  as 
capacitor  materials.  • 

The  green  sheet  technique  has  been  used  in  manufacturing  MLC.  Green  sheet  contains  a  large  amount 
of  organic  binders.  Therefore,  when  firing  takes  place  in  a  low  oxygen  atmosphere,  the  most  important 
and  difficult  problem  is  to  remove  these  organic  binders.  The  carbonaceous  residues  prevent  consolida¬ 
tion  of  the  dielectric  ceramic  material  into  a  dense  ceramic  body.  As  a  result,  the  insulation  resistance 
of  the  dielectric  layer  decreases. 

Accordingly,  realization  of  MLC  with  copper  internal  electrodes  requires  a  low  firing  dielectric 
material  that  provides  high  insulation  resistance  if  fired  in  a  low  oxygen  partial  pressure  atmosphere, 
and  a  firing  process  that  can  completely  remove  the  organic  binders  in  the  dielectric  green  sheet.  We 
have  solved  these  technical  problems  and  successfully  developed  multilayer  ceramic  capacitor  with  copper 
internal  electrodes. 

In  this  report,  a  detailed  description  is  given  of  a  new  copper  metallizing  method  we  have  devel¬ 
oped  and  also  of  a  dielectric  material  which  makes  our  engineering  method  feasible. 

hlATERIALS 

(1)  Dielectric  material 

High  puiicy  icagetiLss  uf  FbC,  MgO ,  Nb205  and  CuO  were  used  as  starting  materials.  We  employed  a  con 
ventional  material  preparation  method  but  used  the  technique  invented  by  Swartz  et  al.^)  to  facilitate  the 
formation  of  a  pyrochlore-f ree  perovskite  phase.  Mixture  of  MgO  and  Nb205  was  calcined  at  1000  C  for  6 
hours.  Prefabricated  MgNboO^  was  mixed  with  appropriate  amounts  of  PbO  and  CuO.  The  mixture  was  then 
calcined  at  800°C  for  2  hours.  Calcinations  were  carried  out  in  air.  The  calcined  dielectric  material 
was  milled  and  it  was  confirmed  that  pyrochlore  phase  was  not  generated  by  X-ray  powder  diffraction 
using  CuKg  radiation. 

(2)  Conductive  material 

High  purity  reagent  of  CuO  was  calcined  at  800*^0  in  air  for  2  hours  and  milled  into  powder  with  abou 
3  urn  average  particle  size.  Particle  size  was  measured  by  a  centrifugal  automatic  particle  analyzer. 

The  CuO  powder  and  vehicle,  organic  binder  ethylcellulose  dissolved  in  terpineol  solvent,  were  dispersed 
using  a  roll  mill  to  make  conductive  paste. 
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:iic  Miclectric  ni/i t: c r in  1 ,  with  the  additi(>n  of  dwcM  VVA  binder, 
•'flossed  into  ;i  dir^k  (lOmm  in  diameter,  2-3mm  thick)  under 

1 0()()k^'/cm^ .  After  binder  removal  by  slow  heat  ini;  at 
in  air,  sintering  was  performed  at  temperatures  between  SOO^^C 
ami  U)()0‘'C  in  nitrogen  atmosphere.  Heating  rate  was  iOO^C/hr  and 
soaking  time  was  I  hour.  To  prevent  volatilization  of  PbO,  the 
sarraias  were  covered  with  Pb (Mg  j  /  3Nb2/ 3) O3  powder  and  stacked  in¬ 
side  a  sealed  MgO  vessel  when  fired.  The  bulk  densities  of  sin- 
cored  samples  were  measured  by  liquid  displacement  method  using 
water  as  the  medium.  The  sintered  disk  was  ground  to  a  thickness 
of  dr.m  and  In-Ga  alloy  electrode  was  applied  to  measure  the  elec- 
crieal  properties  of  the  dielectric  material.  Dielectric  constant 
jne  dissipation  factor  were  measured  using  a  LCR  meter  (HP-4274A) 
at  ’.KHz  with  IVrms.  Insulation  resistance  was  measured  using  a 
hLuU  resistance  meter  (HP-4329A) ,  I  minute  after  applying  50VDC. 

y.\.\ f f AC Tl* Ki NG  r IvCC C3 3 

Figure  1  shows  the  process  of  manufacturing  MLC  with  copper 
internal  electrodes.  Multilayered  green  chip  was  fabricated  bv 
che  conventional  method  from  dielectric  green  sheets  and  copper 
oxide  paste.  The  green  chip  was  made  into  MLC  through  the  proc¬ 
esses  of  burning  out  binder  in  air,  reduction  of  copper  oxide  in 
hydrogen  atmosphere  and  sintering  in  nitrogen  atmosphere.  Figure 
2  shows  the  concept  of  firing  process  used  for  manufacturing  CuMLC. 
Each  of  the  binder  burn-out,  reduction  and  sintering  process  is 
described  in  detail  below. 
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(1;  Binder  burn-out  process 

In  this  process,  organic  substances,  such  as  plasticizer  and 
binder,  contained  in  dielectric  green  sheet  and  conductive  paste 
are  removed  by  heat  treatment  in  air.  Copper  oxide  (CuO)  does  not 
change  chemically  and  causes  no  change  in  volume,  but  thermal 
decomposition  of  organic  binder  also  occurs.  Complete  thermal 
decomposition  and  removal  of  organic  binder  can  be  achieved  be¬ 
cause  organic  binder  reacts  with  the  oxygen  in  air.  Binder  hum¬ 
our  temperature  was  determined  by  conducting  thermal  analysis  in 
advance . 


Cu  paste - >  Termination 

I 

CuMLC 


Fig.l  CuMLC  manufacturing  process 


'’2)  Reduction  process 

..n  this  process,  copper  oxide  is  reduced  to  copper  by  heat  treatment  in  hydrogen  atmosphere.  The 
recuctive  reaction  of  CuO  to  Cu  would  proceed  at  a  remarkable  rate  in  hydrogen  atmosphere  at  a  low  tem¬ 
perature.  Reduction  temperature  should  be  selected  so  that  the  dielectric  material  is  not  reduced. 
Dur_ng  the  reduction  process  from  CuO  to  Cu ,  volume  changes,  but  since  some  adhesion  between  the  conduc- 
Cxve  layer  and  the  dielectric  layer  was  obtained  in  the  binder  burn-out  process,  neither  delamination  of 
the  conductor  layer  nor  cracking  of  the  dielectric  layer  occurs. 


(3)  Sintering  process 

-n  this  process,  the  densif icat ion  of  dielectric  ceramic  body  is  achieved.  Sintering  is  carried  out 
in  nitrogen  atmosphere  in  which  copper  electrode  is  not  re-oxidized.  A  commercial  continuous  belt  furnace 
L3  employed.  Since  organic  binder  is  completely  removed,  no  delicate  atmospheric  control  is  required  and 
a  iiensely  sintered  ceramic  body  can  be  given  in  this  process. 


.'ig.2  Temporat.uro  nnti  .atmo.spheri c  profiles  of 
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Sintering  Temperature  {”C) 

Fig. 3  Variation  of  density  with  sintering 
^^Perature  for  Pb(Mg^/3Nb2/3  )Cuo.oi03.oi  and 
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I’KOri'KTibh  Oi-  DIELECTRIC  MATERiA.. 

For  the  present  technique,  trie  dielectric  material 
is  required  to  have  the  following  properties;  (1)  The 
u  j. u It' c t. L  ic.  iuu  u c i' 1  ci  1  iuus  L  uc  £>xi i Ll:  i  uu  ucusely  at  a  teni“ 
pcrature  lower  than  the  copper  melting  point  (1083®C). 

(2)  The  dielectric  material  should  provide  high  reduc¬ 
tion  resistance  and  should  experience  no  drop  in  in¬ 
sulation  resistance  if  fired  in  a  low  oxygen  content 
atmosphere  in  which  copper  is  not  oxidized. 

We  added  CuO  to  Pb(Mgiy 3Nb2/ 3)03  (PMN) ,  making  it 
possible  to  sinter  PMN  at  a  low  temperature.  Figure  3 
shows  the  changes  in  density  of  Pb(Mgi/3Nb2/ 3)Cuq^ qi03^ q j  Fig. 4  SEM  photographs  of  the  fracture  surface 
as  a  function  of  the  sintering  temperature.  The  data 
for  PMN  are  also  shown  in  the  figure.  As  shown,  rapid 
densif ication  occurs  above  850 “C  and  reaches  a  maximum 
value  at  950‘'C  for  Pb(Mgi/ 3Nb2/ 3)Cuo.  0 1®3 .  0 1  whereas 
PMN  is  sintered  above  1100°C.  Figure  4  shows  scanning 
electron  micrographs  of  the  fracture  surface  of 
Pb(Mgi/3Nb2/ 3)Cup^  01^3.  01  both  sintered  at 

950® C.  As  is  evident  from  the  two  SEM  photographs, 
addition  of  CuO  to  PMN  causes  rapid  grain  growth  at 
950® C.  Figure  5  shows  the  temperature  dependence  of 
the  dielectric  constant  and  the  dissipation  factor  of 
Pb(Mgi/ 3Nb2/ 3)Cuo. 01^3. 01 '  A  Curie  temperature  is 
around  -5°C.  At  25®C,  the  dielectric  constant  is  11000 
and  the  dissipation  factor  is  0.5%.  The  insulation 
resistance  is  2.9  x  lO^^ficm,  and  2.3  x  lO^^ilcm  at  25 ®C 
and  85°C,  respectively.  The  temperature  dependence  of 
the  dielectric  constant  meets  Z5U  specification  of  the 
EIA  standard. 


STUDY  OF  PROCESSING  CONDITIONS 
(1)  Binder  burn-out  process 

Figure  6  shows  the  effects  of  binder  burn-out 
temperature  on  properties  of  CuMLC.  Binder  burn-out 
temperature  was  maintained  for  two  hours.  The  chip 
capacitors  were  fabricated  through  binder  burn-out, 
reduction  of  CuO  at  200®C  for  5  hours  and  sintering  at 


of  (A)  Pb(Mgi/3Nb2/3)Cuo.oi03,oi  and  [B]  PMN, 
both  sintered  at  950 ®C 


Temperature  rC) 


Fig. 5  Veur'iation  of  dielectric  constant  and 
dissipation  factor  with  temperature  for 
Pb(Kgi/3Nb2/3  )Cuo.oi03.oi 


950®C  for  1  hour.  As  is  clear  from  this  figure,  the 
capacitors  do  not  provide  satisfactory  properties  if 
binder  burn-out  temperature  is  too  low  or  too  high. 
Specifically,  at  an  excessively  low  burn-out  tempera¬ 
ture,  some  binder  will  remain  in  the  dielectric  green 
sheet.  This  residual  carbon  hampers  the  progress  of 
the  dielectric  material  sintering,  resulting  in  poor 
capacitor  properties.  At  an  excessively  high  burn-out 
temperature,  on  the  other  hand,  the  dielectric  material 
will  be  sintered  excessively  such  that  CuO  is  hardly 
reduced  to  Cu  in  the  following  reduction  process. 

CuO  remained  in  the  electrodes  cannot  serve  as  elec¬ 
trode  after  sintering,  thus  the  effective  area  of  the 
electrodes  will  decrease. 
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Fig. 6  Effect  of  binder  burn-out  temperature 
on  capacitance  of  CuMLC 


Fig. 7  XRD  patterns  of  CuO  heat  treated  at 
various  tempera t:ures  in  H2  atmosphere 


Fig. 8  Variation  of  insulation  resistance 
reduction  temperature  for  Pb(  Mgi/3 Nb  2/3 
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[ii  ulus  nrou'L'ss,  it  is  aocussary  tcT  reduce  CuO  Lv» 
(/j  in  i*  ie‘C C ri'»(lcs  wit:iout  reducing  the  dielectric 
CO  rial.  Figure  7  sliows  X-ray  d  i  f  f  rr.ctograms  of  copno 
jxido  after  reduction.  Figure  8  shows  the  insulation 
ffjsisCance  of  the  dielectric  material  as  a  function  of 
reduction  temperature.  Copper  oxide  powder  and 
die  dielectric  material  were  heat  treated  for  5  hours 
in  H2  atmosphere.  The  dielectric  was  fired  at  950®C 
prior  CO  measuring  the  insulation  resistance.  As  is 
clear  from  the  figures,  with  heat  treatment  at  a  tem¬ 
perature  higher  than  ISO'^C.  CuO  is  completely  reduced 
to  Cu,  and  even  at  250'^C  insulation  resistance  of  the 
dielectric  material  does  not  show  a  significant  drop 
and  is  maintained  at  higher  than  10^^  (iTcm)  .  Thus, 
according  to  this  reduction  process,  it  is  possible  to 
independently  reduce  CuO  to  Cu  without  reducing  the 
dielectric  material  if  the  temperature  and  time  for 
heat  treatment  in  H2  are  at  specific  values. 

CHIP  CAPACITOR  PROPERTIES 

We  examined  various  properties  of  CuMLC  we  manu¬ 
factured  by  the  above-mentioned  method.  The  green 
sheet  we  used  was  35m  thick.  The  number  of  dielectric 
layers  was  five.  The  green  chip  was  fired  for  burning 
out  binders  at  600°C  and  for  reduction  at  200°C. 
Sintering  was  performed  at  950°C  for  1  hour.  External 
electrodes  (E.I.  Du  Pont  ’/9153  copper  paste)  were 
applied  by  firing  at  900'’C.  Figure  9  shows  a  SEM 
photograph  of  the  fracture  surface  of  CuMLC  in  which 
Cu  electrode  and  dielectric  layer  are  7 um  and  25um 
thick,  respectively.  Figure  10  shows  the  DC  bias 
dependence  of  capacitance.  Data  from  representative 
Z5U  chip  capacitor  made  from  modified  BaTi03  also 
shown  in  the  figure.  CuMLC  fabricated  in  this  study 
shows  superior  DC  bias  dependence  compared  to  the 
conventional  BaTi03  capacitor.  Figure  11  shows  the 
results  of  the  load  humidity  life  test  (85‘"C,  85ZRH. 

50V  bias).  Each  property  shows  no  deterioration  after 
1000  hours  of  testing.  As  is  clear  from  these  results, 
a  completely  sealed  and  gas-tight  multilayered  structure 
is  given  of  our  CuMLC.  Representative  properties  of 
the  chip  capacitor  described  above  are  shown  on  Table  1. 

CONCLUSION 

Newly  developed  manufacturing  method  and  material 
make  it  possible  to  produce  multilayer  ceramic  capaci¬ 
tor  with  copper  internal  electrodes  (CuMLC) .  A  dielec¬ 
tric  material  of  Pb (Mg i / 3Nb2/ 3)Cuo . 0 1O3 ^ 0 1  can  be 
sintered  lower  than  1000®C,  providing  high  dielectric 
constant  and  high  resistivity.  The  fabrication  method 
requires  no  delicate  atmospheric  control  in  binder 
burn-out,  reduction  and  sintering  process,  thus  easy 
process  control  is  accomplished.  CuMLC  fabricated  in 
this  study  has  excellent  electrical  properties  and 
reliability.  We  are  convinced  that  our  CuMLC  technol¬ 
ogy  can  significantly  reduce  the  manufacturing  cost  of 
multilayer  ceramic  capacitors  with  large  capacitance. 
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Fig. 10  Variation  of  capacitance  with  applied 
DC  bias 
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Fig. 11  Results  of  load  humidity  life  test 
(eS-’C,  85%RM,  50V)  for  CuMLC 


Table  1  Representative  properties  of  CuMLC 

Size  (LxWxT)  3. 2x1. 6x0. 6  mm 

Single  layer  thickness  25  pm 

Number  of  layers  5 

Capacitance  (25°C)  30  nF 

Dissipation  factor  (25°C)  0.5  7o 

C*R  product  (25°C)  10000.  ilF 

VariatiDr.  of  cape :  1  ‘U  - 

85'’C;  -52  % 
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ABSTRACT 

As  new  high  speed  integrated  circuits  (IC’s)  such  as  gallium  arsenide  IC  ( GaAs  IC)  and 
emitter  coupled  logic  IC  ( ECL  IC)  are  coming  into  use  in  digital  electronic  systems,  it 
has  become  important  to  employ  effective  decoupling  techniques  to  insure  proper  operation 
of  these  IC  chips.  The  lengths  of  package  leads  and  lines  should  be  kept  to  be  minimum  or 
eliminated.  One  of  the  most  effective  ways  to  reduce  switching-noise  is  to  incorporate 
by-pass  capacitors  into  the  IC  package.  The  authors  have  developed  a  tantalum  oxide 
(TaaOs)  thin-film  capacitor  which  is  compatible  with  die-bonding  by  gold-silicon  (Au-Si) 
solder  and  hermetic  glass-sealed  packaging.  Its  lower  electrode  is  a  metal  plate,  the 
upper  one  is  a  metal  thin  film.  This  report  describes  a  TazOg  thin-film  capacitor  which 
uses  a  rolled  tape  of  iron-42%nickel  ( Fe-42%Ni )  alloy  as  the  metal  plate,  and  aluminum 
(Al)  as  the  metal  thin  film.  This  capacitor  can  withstand  a  temperature  of  SOO^C  for 
more  than  ten  minutes.  Thermal  coefficient  of  capacitance  is  less  than  400ppm/deg.  in  the 
range  of  25“C  to  ISO'C  .  The  dependence  of  capacitance  on  frequency  is  very  small  in  the 
range  of  IMHz  to  IGHz.  The  dielectric  loss  tangent  (tan 6  )  is  less  than  0.5%  at  IMHz.  We 
compared  TajOs  thin-film  capacitor’s  performance  with  barium  titanate  (BaTiOg)  base 
single-layer  chip  capacitor's  by  measuring  the  gain  of  an  amplifier  which  was  composed  of 
an  amplifier  IC  chip  and  a  capacitor  in  a  leadless  chip  carrier  package.  Incorporating 
TazOg  thin-film  capacitors  into  the  IC  package  was  confirmed  to  be  a  more  effective 
decoupling  technique,  particularly  at  more  than  lOOMHz. 


INTRODUCTION 

Advance  in  the  digital  electronic  systems,  i.e. 
super  computers  and  graphic  terminals,  requires 
higher  speed  IC's  such  as  GaAs  IC  and  ECL  IC.  In 
the  field  of  telecommunications,  fiber  optics 
which  enable  us  to  process  a  large  number  of  data 
simultaneously,  must  have  a  smaller  sized  high 
speed  IC  operating  at  more  than  IGbps.  The  higher 
the  clock  frequency  of  an  IC  chip  is,  the  more 
necessary  effective  decoupling  techniques  are  to 
insure  proper  operation  of  an  IC.  The  lengths  of 
package  leads  and  lines  should  be  kept  to  be 
minimum  or  eliminated.  One  of  the  most  effective 
ways  to  reduce  switching-noise  is  to  incorporate 
by-pass  capacitors  into  the  IC  package. 

Recently  sintered  ceramic  capacitors  have  been 
used  as  these  by-pass  capacitors  as  shown  in 
Fig.l.  But  in  the  sintered  ceramic  capacitors, 
the  dielectric  dispersion  occurs  usually  at  the 
frequencies  of  lOOMHz  to  IGHz.  The  dielectric 
dispersion  decreases  the  dielectric  constant  and 
as  a  result  the  performance  of  decoupling  is 
lessened. 

This  report  concerns  a  new  type  of  by-pass 
capacitor  which  has  been  developed  to  meet  the 
demand  of  high  performance  decoupling  techniques. 
This  capacitor  has  a  TazOg  thin-film  dielectric 
layer  deposited  on  a  metal  plate,  and  has 
efficient  by-pass  capacitor  characteristics. 
Furthermore,  since  it  is  highly  stable  against 
heat,  Au-Si  solder  and  hermetic  glass -sealing  can 
be  used  which  results  in  reliable  mounting. 


Fig.l.  Assembly  Of  A  By-Pass  Capacitor 
In  A  Package 


Fig. 2  Consruction  Of  The  TajOg 
Thin-Film  Capacitor 
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CONSTRUCTION  AND  FEATURES 


Cluiroi: tor  iii t  i cl; 

Of  The  Ta^Or,  Thin- Film  Cap.'icitor 


The 

Fig. 2 


a  ni< 


construction  of  this  capacitor  is  shown  in 
A  TajOg  thin  film  is  directly  deposited  on 
letal  plate.  Furthermore,  a  metal  thin  film  is 


layerd 


on  the  TaaOg  thin  film.  Its  lower 

^lectorode  is  a  metal  plate?  the  upper  one  is  a 
netal  film.  This  report  describes  a  TajOg 

^  capacitor  which  uses  a  rolled  tape  of 

*42%N1  alloy  as  the  metal  plate,  and  A1  as  the 
^^tal  thin  film.  Typical  thicknesses  of  these 
thin  fil«»s  and  the  metal  plate  are  also  shown  in 
i  2.  Since  the  thermal  expansion  coefficient  of 
Fe-42%Ni  alloy  is  closer  to  that  of  TazOg  among 
various  metal  plates,  the  construction  is 
-aintained  during  the  heat  treatment  used  in  the 
Counting  and  packaging  processes.  Because  of  very 
little  electric  resistance  of  the  Fe-42%Ni  metal 
plate  and  the  Al  thin- film  electrodes,  this 
capacitor  keeps  low  impedence  at  high  frequencies. 
The  Al  thin  film  adheres  well  to  the  TaaOs  thin 
film  and  has  good  wire-bondability .  The  TazO^ 
thin  film  is  not  an  aggregate  of  the  fine 
particles,  but  an  extermely  flat  surface. 


Leakage  Current 

<1X  10-  'A  (25"C  ~  ISO^C  ) 

Thermal  Coefficient 

.200~  +400ppm/deg. 

(25"C~  ISO'C  ) 

Heat  Resistance 

(  500"C  X  5min.  )X  8cycles 

Capacitance  Range 

Constant  Capacitance 

Up  To  IGHz 

Capacitance  Density 

240  pF/mm^  (Max. ) 

Thickness 

<  160  u  m 

Recommended 

Wire  Bonding 

( Au  Thermo-Sonic) 
(Al-l%Si  Supersonic) 

Assmble  Method 

Au-Si  Soldering 

Hermetic  Glass  Sealing 

Ta206 


(A)  SEM  Photo.  Of  The  Fracture  Surface 
And  Surface 


HIGH  FREQUENCY  CHARACTERISTICS 
Measurement  Sample 

A  ceramic  capacitor  composed  of  ferroelectrics 
has  been  used  popularly  as  a  by-pass  capacitor. 
Most  of  such  ceramic  capacitors  are  mainly 
composed  of  BaTiOj  or  SrTiO, .  As  mentioned  above, 
ceramic  capacitors  of  ferroelectrics  which  include 
BaTiOj  and  SrTiOj  have  the  dielectric  dispersion 
at  the  frequencies  of  lOOMHz  to  IGHz.  Fig.  4  shows 


(B)  X-Ray  Diffraction  Pattern 


0  2.5  5 


X-Ray  Energy  (keV) 


Fig. 3  X-Ray  Diffraction  Pattern  And 

Fracture  Surface  Of  The  Ta205  Thin  Film 
Deposited  On  The  Fe-42%N1  Plate 

Furthermore,  it  is  a  finely  formed  thin  film 
without  columned  structure.  Fig. 3  shows  the  X-ray 
diffraction  pattern  and  the  SEM  photograph  of  the 
fracture  surface  of  the  Ta2  0,  thin  film  on  the 
Fe-42%Ni  alloy  plate.  The  diffraction  pattern  of 
the  TaaOs  thin  film  shows  unsharply  broadened  peak 
of  X-ray  intensity  thus  proving  that  this  thin 
film  can  be  considered  amorphous. 

The  typical  characteristics  of  this  thin- film 
capacitor  are  summarized  in  Table  1.  Desirable 
capacitance  can  be  used  by  varying  the  area  and 
thickness  of  the  thin  film  up  to  240pF/mm*  .  The 

unrestricted  shape  and  the  total  thickness  of  less 
than  160 /i  m  make  it  easy  to  be  incorporated  into  a 
small  package.  Since  the  ourlace  \ji 

metal  can  bo  plated  with  Au.  Au-Si  soldering  can 
be  used  when  incorporating  it  into  o  package. 


Wave  Length  ( A  ) 
(b)  WDX  Pattern 


3*i  m 

(c)  SEM  Photo. 

of  Cross  Section 


•  g,  4“  ^l‘vr.f*nrs  Anri  t'ho  r.rnns  snrrinn 
Of  The  Ceramic  Single- Layer 
Cliip  Capacitor 
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Frequency  (MHz) 

Fig. 5  Capacitance  Change 

Of  The  Ceramic  Sigle-Layer  Chip  Capacitor 
And  Ta205  Thin-Filro  Capacitor 

capacitance  of  a  by-pass  capacitor  must  not  change 
at  the  high  frequencies  such  as  this  Ta2  0B  thin- 
film  capacitor. 

EVALUATION  OF  A  BY-PASS  CAPACITOR 
INCORPORATED  INTO  THE  PACKAGE 

Measurement 

The  performance  comparison  between  the  Ta206 
thin-film  capacitor  and  the  ceramic  single-layer 
capacitor  as  determined  by  a  by-pass  capacitor  was 
estimated,  using  a  wide  band  amplifier  IC  packaged 
in  a  leadless  chip  carrier. 


An  example  of  output  spectrum  from  the 
amplifier  IC  is  shown  in  Photo.  1.  The  gain  of  the 
amplifier  IC  .  was  almost  constant  up  to  the 
frequency  of  al^ut  150MHz  at  which  an  oscillating 
peak  was  recognized.  At  the  frequency  from  150MHz 
to  300MHz,  the  gain  decreased  sharply.  The 
oscillating  peak  height  at  about  150MHz  should 
decrease  by  setting  a  by-pass  capacitor  between 
the  source  line  and  the  ground  line.  The  higher 
the  capacitance  is,  the  lower  the  peak  height  can 
be  expected.  Two  TaaOs  thin- film  capacitors  and 
two  ceramic  single-layer  chip  capacitors  were  used 
for  these  measurements. 


Frequency  (30MHz/div) 


Photo. 1  Output  Spectrum 

And  The  Oscillating  Peak 
Of  The  Wide  Band  Amp.  IC 


the  intensity  of  X-ray  dispersive  spectrums 
against  the  energy  and  the  wavelength,  and  the  SEM 
photograph  of  the  ceramic  single -layer  chip 
capacitor.  This  chip  capacitor  is  mainly  composed 
of  BaTiOa ,  and  has  been  used  at  the  frequencies 
higher  than  IMHz. 

Capacitance  change  of  the  Ta206  thin-film 
capacitor  and  this  ceramic  single-layer  chip 
capacitor  were  comparatively  measured  against  the 
frequencies  of  more  than  lOOMHz. 

Measurement  of  Capacitance  Change 

The  capacitance  at  the  frequencies  of  a  few  MHz 
to  IGHz  were  measured  with  an  HP4191A  impedance 
analyzer  using  an  HP1609A  coaxial  test  fixture 
which  had  very  little  residual  impedance  so  that 
the  test  fixture  was  not  a  factor. 

The  area  and  the  Ta2  0B  thickness  of  the  thin- 
film  capacitor  were  4.5mm®  and  2.5/im, 
respectively.  The  officially  listed  capacitance 
of  measured  ceramic  single- layer  chip  capacitor 
was  15C0pF. 

Results  of  Measurement 

Fig.  5  shows  the  capacitance  change  of  the  two 
kinds  of  capacitors.  The  Ta20B  thin-film 
capacitor  maintained  nearly  constant  capacitance 
for  the  whole  frequency  range.  But  the 
capacitance  of  the  ceramic  single- layer  chip 
capacitor  decreased  sharply  as  the  frequency 
Increased.  At  200MHz  the  capacitance  of  the 
ceramic  single-layer  capacitor  decreased  to  about 
40%,  to  be  negligible  at  400MHz.  These  results 
prove  that  this  ceramic  single-layer  capacitor  of 
BaTlOg  has  the  dielectric  dispersion  at  a  few 
hundreds  MHz.  For  high  speed  IC's  operating  at 
the  frequency  of  more  than  a  few  hundreds  MHz,  the 


Fig. 6  shows  the  block-diagram  of  the  test  set¬ 
up  and  the  photograph  of  an  example  of  the  test 
samples .  The  capacitor  was  incorporated  into  a 
wide  band  amplifier  IC’s  package  with  Au-Si 
solder.  Sine  wave  signal  was  input  into  the 
amplifier  through  an  attenuater  from  a  TR4172 
spectrum  analyzer.  The  input  signal  was  swept  up 
to  300MHz.  The  output  of  the  amplifier  was 
connected  to  the  TR4172  spectrum  analyzer.  A  by¬ 
pass  capacitor  was  set  between  the  source  line  of 
the  amplifier  IC  chip  and  the  ground  line. 


Fig. 6  Measurement  Set-Up  For  The  Performance 
Of  By-Pass  Capacitors 
Incorporated  Into  The  Package 


Discussion 


peak  heights  of  each  samples  were 
ined  by  the  length  of  the  white  pillar  in 
^  The  base  line  of  the  pillar  corresponds 

aain  level  at  the  lowest  frequency.  Fig. 7 
10  tbs  y 


rolled  s-tjo  or  i  -,.\i  alloy  as  the  me?  cal  plate, 
and  A1  as  the  metal  chin  film.  The  thermal  co¬ 
efficient  of  capacitance  is  less  than  400ppm/deg. 
in  the  range  of  25'’C  to  150'’C  .  The  change  of 
capacittincc  by  frequency  is  very  small  in  the 
range  of  iMHz  to  IGMz.  The  tan  6  is  less  than 
0.5%  at  IMHz.  This  capacitor  can  withs*  •«.  M  a 
temperature  of  500“C  for  more  than  ten  minuter. 

We  compared  its  capacitance  change  a..  he 
frequency  with  the  BaTiOj  base  ceramic  single- 
layer  chip  capacitor's,  and  measured  the  ga-  i  of 
an  amplifier  which  was  composed  of  an  amplifier  IC 
chip  and  a  capacitor  in  a  leadless  chip  carrier 
package.  The  capacitance  of  the  BaT10-»  base 

ceramic  single-layer  chip  capacitor  was  di  =  .ec 
to  about  60%,  thereby  its  performance  as  a  by-pass 
capacitor  was  lost  at  150MHz.  And  then  Its 
capacitance  became  negligible  above  400MHz.  The 
TajOs  thin-film  capacitor  maintained  nearly 
constant  capacitance  up  to  IGHz.  Incorporating  a 
TazOs  thin-film  capacitor  into  the  IC  package  was 
confirmed  to  be  a  more  effective  decoopJ.  ing 
technique,  particularly  at  more  than  lOOMHz.  The 
measurement  and  the  analysis  of  the  capacitance  at 
higher  frequency  range  are  subjects  of  the  future 
study.  The  applications  of  this  new  type  <-apac- 
itor  for  the  packaging  of  the  high  speed  and  high 
performane  IC '  s  are  expected  to  expand.  They  will 
become  increasingly  important  for  achieving  great¬ 
er  compactness,  higher  speeds  and  improved  func¬ 
tions  of  today's  rapidly  abvancing  elerl  r<iin c 
appliances  and  systems. 


Capacitance  (  pF ) 

Fig. 7  Comparison  Of  The  Osillating  Peak  Heights 
Between  The  Ta20s  Thin  Film  Capacitor 
And  The  Ceramic  Single-Layer  Chip 
Capacitor 
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shows  the  relations  between  the  peak  heights  and 
the  capacitances.  The  peak  heights  of  the  two 
TajOs  thin-film  capacitors  draw  one  straight 
line;  A,  and  also  those  of  the  two  ceramic  single- 
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the  lower  the  peak  height  is.  Supposing  that  the 
peak  heights  was  reduced  to  5dB,  the  capacitances 
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‘ilm  capacitor  corresponds  with  60%  of  the  ceramic 
single-layer  chip  capacitor's,  in  order  to  reduce 
the  oscillating  peak  height  to  5dB  at  about  150MHz. 


CONCLUSION 

We  have  developed  a  TazOs  thin-film  capacitor 
which  is  compatible  with  die-bonding  by  Au-Si 
solder  and  hermetic  glass-sealed  packaging.  Its 
iOwer  and  upper  electrodes  are  a  metal  plate  and  a 
•'"Gtal  thin  film,  respectively.  This  report  descrlb 
-ed  a  Ta^Oft  thin-film  capacitor  which  used  the 
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Abstract 

plas,a  CVD  nethod  are  described  xn  ’-his  P^Per.  Si/(  thereal  oxidation.  And.  SiON  abrasion  protective 

temperature  coefficient  of  resistance  (TCR)  „  f,  vas  mixture  at  temperatures  more  than  350  °c  has  high 
ircrUrr'ess^hS^JL™^^^  productivity.  Highly  reliable.highly  productive  and  high  resistance 

thermal  printing  head  was  realized  by  using  these  materials. 

Introduction 

wpti„  „.h.oi.=,  h..  b»,  ...d  1. 

various  other  appliances.  Among  various  kinds  J'°  J  compacLeL  and  lov  cost  printing.  The  thermal  printing  is 

popular  method,  because  of  its  maintenance  free  ^hruPture.compactness  and  1  P  3ppliance  cost. 

powerfully, but  it  has  not  been  able  to  satisfy  |°ting  head,  namely  a  thick  film  type  thermal 

Tvo  different  methods  have  been  knovn  for  producing  th  ^  a  thin  film  type  thermal  printing  head  has 

printing  head-  and  a  thin  film  ^XPe  thermal  printing  h  a  .^_Although^a^^^^^^^  fil^^.XP  p,„,„,,i,Hy  is  not 

a  higher  resolution  and  a  lower  printing  !  attributable  to  tL  production  method  of  protective  layer  of  heat 

so  good  as  that  one.  This  disadvantage  Pr®  thick  and  the  oxidation  protective  layer  coated  under  the 

elements.  The  abrasion  protective  layer  nea*-  5  f  Jhick  and  the  ^  insulating  films  formed  by  RF 

abrasion  protective  layer  have  been  formed  by  "developments  of  the  resistor  materials  with  a  high 

S^e  ro?:JirtL;“:nfr  protectee 

Si"tec^^e'?ayer!  wrstSfe!t/(Ti-C-s"o)°doubiriayer  resistor  formed  by  RF  sputtering  method  and  SiON  abrasion 
protective  layer  formed  by  plasma  CVD  method. 

Characteristics  of  resistor  film 

The  structure  of  thermal  printing  head  is  shown  in  jg®g"ts  arrcomposed'^of  high  resistivity  materials, 

and  is  constructed  through  photolithographic  technique.  ^  ^  resistance  permits  high  quality  and 

Ti-C-Si-0  RF  sputtered  thin  films  give  a  sufficiently  high  .  The  high  resis  p  as-sputtered 

Sheet  resistance  changes  at  various  annealing  .  normalized  figure  to  the  initial  sheet  resistance 

The  amount  of  the  change  in  sheet  resistance  t^st  argfy  depenLd  on  Si  film  thickness  in  the 

value.  The  characteristics  of  sheet  resistance  layer  resistor  changed  very  high 

Si/(Ti-C-Si-0)  double  layer  resistor.  The  L/(Ti-C-Si-0)  Luble  layer  resistor  with  only  6  nm  thick  Si 

values  at  temperatures  more  than  300  “c,  nevertheless  Si/(Tl  C  Si  0}  double  layer  ^  thermal 

film  had  a  high  resistance  FigTshovi^'the  results  of  Auger  depth  profile  with  the 

rs^ittarirrSfsirSl^  Tnd  ihe  annealed  resistor  film.  Auger  depth  profile  of  Ti-C-Si-0  layer  did  not  change 

before  and  after  annealing.  Thus, it  was  recognized  that  Si 

film  had  remarkable  effect  for  the  oxidation  protective  _  _ 

layer.  Fig.5  is  the  results  of  the  sheet  resistance  changes  ^  Z1_S|0N  ProfectlV.eJaxer 

at  various  sheet  resistance  films  as  a  parameter  of  Si  film  ■I, _ ,1  ._^Cu  elect; roije 

thickness.  At  Ti-C-Si-0  single  layer  resistor,  the  more  the  S..  --  ^l^trode 

initial  sheet  resistance  became  higher  values,  the  more  the  Glaze  layer  \\x5i  laiCer 

sheet  resistance  changes  were  very  large.  On  the  other  hand,  \Ti-C-Si-0  resislflt 

Si/ (Ti-C-Si-0)  double  layer  resistor  was  found  to  have  strong  \  Under  COflted  Igj^ 

resistance  against  thermal  oxidation  regardless  of  the  sheet  Alumma  substrate - 

'^Ihe’^ontacf  resistance  was  investigated  after  depositing  Plg.l  Structure  ot  heat  elment 

electrode  films  on  Si/(Ti-C-Si-0)  double  layer  resistor .because 
Si  film  had  a  high  resistivity. 


'Under coated  la^ 


Fig-1  Structure  ot  heat  elment 


SiOj  content  in  target  (mol%  ) 


Fig. 2  Resistivity  and  TCR  VS.  Si02  content 
in  target 
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Fig, 3  Sheet  resistance  change 

VS.  annealing  temperature 


Fig. 4  Auger  depth  profile  of  the  as-sputtered 
filB  and  the  annealed  fila 


Fig. 6  is  the  results  of  the 
resistance  values  of  theraal 
printing  head  with  the  sheet 
resistance  of  Si/(Ti-C-Si-0) 
double  layer.  The  sizes  of  heat 
elenents  of  these  theraal 
printing  heads  are  105  jun  wide 
and  175  auD  long.  So,  these 
results  shown  in  Fig. 6  were 
recognized  that  the  contact 
resistance  values  were  nearly 
zero  ohm,  when  Si  film  thickness 
was  less  than  12  na. 

Chracteri sties  of  abrasion 
protective  layer 


Sheet  resistance  c  n/a  ) 


Generally,  conventional  printing 
element  surface  protective  layer 
is  composed  of  double  layer  of 


Fig. 5  Results  of  sheet  resistance  change 
VS.  initial  sheet  resistance 


Sheet  resistance  C  Q/o  ) 

Fig, 6  Resistance  values  VS.  sheet  resistance 


SiO*  (2^3jub)  sputtered  film  and 

TazOs  (3*^5 Jia)  sputtered  filn^^.  As  the  insulating  films  formed  by  sputtering  method  have  low  depositioa  rate,  the 
productivity  is  not  so  good.  As  aentioned  above,  Si/(Ti“C-Si-0)  double  layer  resistor  has  a  high  resistance  against 
thermal  oxidation.  According  to  this  result,  the  oxidation  protective  film  (SiOz)  is  not  necessary.  Plasma  CVD 
■ethod  has  advantages  of  low  substrate  temperature  and  large  deposition  area.  However  the  lethod  has  a  disadvantage 
of  difficulty  of  production.  Silicon  nitride  (SiN)  films  formed  by  plasma  CVD  method  have  been  used  for  the 
application  in  semiconductor  fabrication.  However,  there  are  some  problems  on  thermal  stability , cracking  resistance, 
adhesive  properties  to  other  materials  and  large  internal  stress:’*^  Acceding  to  these  disadvantages, Silicon  nitride 
films  can  not  be  used  for  protective  layer  of  thermal  printing  head,  Silicon  oxyniLride  (SiCN)  films  prepared  by 
plasma  CVD  method  using  SiH4,N2  and  N*0  gas  mixture  were  investigated  for  protective  layer  of  a  thermal  printing 
head,  because  SiON  films  had  less  hydrogen  contamination, high  thermal  stability  and  small  internal  stress.  Pig, 7 
shows  the  deposition  rate  (DR), internal  stress  (a)  and  micro-hardness  (Hv)  of  SiON  films  as  a  function  of  N2O  gas 
flow  rate, Internal  stress  measurements  were  performed  by  measuring  the  bending  of  about  5  jum  thick  oxynitridc-coated 
Si  wafer  with  an  flatness  tester.  Micro-hardness  of  about  5jum  thick  films  deposited  on  a  glazed  alumina  substrate 
was  measured  with  Micro  Vickers  diamond  indenter  at  d  iodd  25  gf.  AilhwU.;);  the  dcro-ition  dS  gan 

flow  rate  increased,  the  internal  stress  and  the  micro-hardness  decreased  with  increasing  NaO  gas  flow  rate. 

Fig, 8  is  the  results  of  micro-hardness  and  liiLuiiidi  stress  with  a  substrate  toBpfr'ni.nri!.  The  internal  stress 
gradually  decreased  with  raising  a  substrate  tenpisi'istjro.  On  ‘ir.r.d,  the  .T»j re  rv  hardness  iinr-nrly  incrensod 
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Substrate  Temperature  c  ®c  ) 

Fig. 8  Internal  stress  ((T)  and  aicro-hardness 
(Hv)  of  SiON  fills  VS.  substrate  tenperature 


wiUi  raiiijng  a  subslr .it.i,  tcBpcraliirc.  These  results  show  that  SiON  fill  has  enough  hardness  and  stability  as  a 
pro UioLive  layer  for  a  thcrnal  printing  head.  In  Oder  to  explain  the  experiiental  data  given  above,  the  coaposition 
of  the  SiON  fiJns  was  investigated.  Fig. 9  is  the  results  of  the  conposition  of  silicon, oxygen  and  nitrogen,  and 
hvuiuuen  concentration  of  SiON  films  deposited  at  400  “c,  as  a  function  of  a  NjO  gas  flow  rate.  The  coiposition  of 
si  1  icon, oxygen  and  nitrogen  was  ncasured  by  X-ray  pholoelcctron  spectroscopy  (XPS)  and  Rutherford  back  scattering 
(RRS),  and  hydrogen  concentration  was  ncasured  by  Infraed  absorption  spectrophotoietry  (IR)  and  Secondary  ion  lass 
spoctroBctry  (SIMS).  According  to  this  figure,  the  conposition  of  silicon  and  nitrogen  decreased  with  increasing 
a  NxO  gas  flow  rate,  and  the  conposition  of  oxygen  increased  with  increasing  a  N2O  gas  flow  rate.  But,  hydrogen 
concentration  did  not  change  with  a  NjO  gas  flow  rate.  It  was  recognized  that  SiON  filn  changed  from  SiN  rich  filn 
to  SiO  rich  filn  with  increasing  a  N2O  gas  flow  rate.  Fig. 10  is  the  results  of  the  conposition  of  silicon, oxygen  and 
nitrogen,  and  hydrogen  concentration  of  SiON  films  as  a  function  of  a  substrate  temperature.  The  composition  of 
nitrogen  tended  to  increase, but  the  composition  of  oxygen  tended  to  decrease  with  raising  a  substrate  temperature. 
Although  these  results  were  not 
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Fig.  12  is  the  results  of  optical  density  with  input  power.  In  this  figure,  SiON  head  and  SiC  head  were  measured. 
Printing  powers  of  both  heads  for  obtaining  optical  density  0D=1,2  were  0.31  w/mm*  with  1  ms  heat  pulse  and 
0.62  w/mm^  with  0,5  ms  heat  pulse.  But, the  dot  patterns  printed  by  using  SiON  head  were  a  little  different  from  the 
dot  patterns  printed  by  using  SiC  head.  Fig.  13  shows  the  results  of  printed  examples.  It  was  realized  that  more 
excellent  dot  patterns  were  printed  by  using  SiON  head. 

To  ensure  durability  of  a  thernal  printing  head,  it  is  necessary  to  ensure  not  only  a  heat  pulse  durability  of  the 
heat  elements,  but  also  an  abrasion  resistance  durability.  Fig. 14  shows  the  results  of  the  abrasion  resistance 
measurement.  The  micro-hardness  of  SiC  protective  layer  and  SiON  protective  layer  were  shown  in  Table  1  .  Although 
the  micro-hardness  of  SiON  protective  layer  was  smaller  than  the  micro- hardness  of  SiC  protective  layer,  the 
abrasion  resistance  of  SiON  protective  layer  was  a  little  more  excellent  than  SiG  protective  layer.  The  abrasion 
resistance  of  both  layers  were  enough  small  to  ensure  a  distance  of  30  km  for  printing  life. 
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Coiicius  ion 


h  resistance  and  stability  thin  filii  resistors  prepared  by  RF  sputtcrinr,  »eLl;u<i  and  the  abr.isicn  protective 
by  plasma  CVD  method  have  been  developed.  The  nevly  developed  resistor  layer  has  double  layer 
ur^  of  Si/di-C-Si-O)  films.  This  resistor  layer  shows  strong  resistance  to  tioraal  oxidat  ion  ^eJ^^^dless  of 
resistance.  Silicon  oxynitride  protective  layer  formed  by  plasma  CVD  method  with  SilU.N?  and  N/O  gas 
^re  has  enough  hardness  and  stability  to  use  for  the  abrasion  protective  layer  of  a  thermal  printing  head. 
**Chracteristics  of  a  thermal  printing  head  with  newly  developed  resistor  and  abrasion  protective  layer  have 
.;,ccllo^f  printing, high  resistance  and  high  productvity. 
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Fig. 11  Result  of  pulse  durability  measurement 


Fig. 12  Result  of  optical  density  measurement 
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Fig. 13  Printing  exanples  Hade  by  using 
thermal  printing  heads  with  (A)  SiC  head 
and  (B)  SiON  head 

Table  1  Micro-hardness  of  SiC, SiON 


nicro-hardness 

SiC 

2500  kg/mn* 

SiON 

1500  kg/mm* 

Fig.  14  Result  of  abrasion  resistance  measurciDcnt 
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ABSTRACT 

The  aluminum-alloy  ultrahigh  vacuum  (UHV)  system  possesses  several 
excellent  vacuum  properties  such  as  an  extremely  low  outgassing  rate  or  an 
extremely  short  pumpdown  time  to  reach  UHV  region.  It  has,  therefore,  a 
considerable  potential  as  a  UHV  system  used  in  the  next  generation 
semiconductor  processes.  For  this  employment,  however,  proper  surface 
treatments  must  be  made  on  the  inner  surface  of  the  chamber  according  to  the 
environment  of  the  processes.  A  lathing  method  which  utilizes  alcohols  as  the 
lathing  liquid  has  been  developed  for  this  purpose  and  found  to  be  effective 
for  processes  which  do  not  contain  corrosive  species.  A  silicon  molecular 
beam  epitaxy  (MBE)  chamber  has  been  constructed  with  this  method  and  its 
vacuum  properties  were  tested.  For  processes  which  contains  corrosive 
species,  a  kind  of  ceramic  coating  was  tested  to  be  found  operative. 


1 .  Introduction 

Semiconductor  device  fabrication  processes,  in  response  to  demands  toward  both  higher  operation  speed 
and  ultralarge  scale  integration  (ULSI)  of  the  devices,  now  need  higher  purity  of  source  materials  and 

higher  cleanliness  of  its  environment.  This  is  because  the  whole  fabrication  process  for  such  devices 
become  much  more  fragile  against  contamination  of  small  particles  or  impurity  atoms,  causing  a  re~ 
examination  of  the  conventional  criterion  for  the  degree  of  cleanliness.  Following  this  trends  toward 

ultimate  purity  and  cleanliness,  semiconductor  processes  now  seek  to  employ  ultrahigh  vacuum  (UHV)  systems 
as  their  basic  technology. 

In  order  for  UHV  systems  to  be  employed  in  factories,  it  is  important  that  they  possess  enough 
compatibility  with  conventional  systems  in  the  present  processing  line.  In  other  words,  accessibility  to 
UHV  world  is  the  key  point  in  promoting  the  installation  of  UHV  into  the  process.  Aluminum-alloy  UHV  systec 
is  one  of  the  promising  candidates  for  such  practical  UHV  systems.  It  was  originally  developed  as  a  UHV 
system  for  high  energy  particle  accelerators  which  features  its  extremely  low  residual  radioactivities  [ij. 
During  the  course  of  the  development,  however,  aluminum-alloy  UHV  system  was  found  to  possess  an  excellent 
by-product  in  that  it  exhibits  an  extremely  low  outgassing  rate  or  extremely  short  pumpdown  time  to  reach 

UHV  region  with  very  reduced  or  even  without  bakeout  procedures.  Besides,  it  is  (1)  composed  of  completely 

non-magnetic  metal  of  high-purity,  (2)  light  in  weight,  and  (3)  economical  in  cost.  These  features  clearly 
meet  the  above  requirements  for  the  UHV  system  in  semiconductor  processes.  In  Table  I,  advantages  and 
disadvantages  of  the  aluminum-alloy  UHV  system  are  listed.  All  the  disadvantages  can  be  bypassed  and 
benefits  of  the  advantages  overcompensate  the  disadvantages. 

Table  I  Advantages  and  disadvantages  of  aluminum-alloy  UHV  system 

Advantages 


1) Low  residual  radioactivity 

2) Lov  outgassing  rate 

3) High  thermal  conductivity 

4) Completely  non-magnetic 

5) No  thermal  modification  at  ultralow  temperatures 

6) Various  alloys  available 

7) Hardness  control  by  heat  treatments  or  mechanical  treatments 

8) Complicated  profile  available  by  extrusion  using  various  porthole  dies 

9) Various  machining  techniques  available  such  as  pressing,  rolling,  bulging,  or  warm  die  forging 

10) Various  surface  treatments  available  such  as  alumite-treatment ,  ion-plating,  or  ceramic-coating 

11) Light  weight  and  large  specific  strength 

12) Heavy  metal  elements  free 

13) Low  overall  cost 

Disadvantage 

1) Low  melting  point 

2) Low  mechanical  strength 

3) Low  tolerance  against  corrosion 

4) Difficulties  in  welding 

5) Limited  available  vacuum  components 
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Aiumi  num-aiioy  UHV  system  consists  or  eit-nu'tit  techno  log:  os ;  Q )  .  r  ><  •  ..  >1  i  i  n:::  1  ns'.: 

Iloys,  (2)conflat  compatible  aluminum-alloy  flanges,  (3)aluminum-alloy  holt-nut  syst.vi,  (4 )mru:h i n niu, 
method,  (5)cleaning  method,  (6)welding  method,  (7)surface  treatment  method,  and  (8)flevni opmont  of  aluminum- 
lloy  vacuum  components.  Although  not  any  one  of  the  above  elements  is  indispcMisnb I e,  the  sevonth 
tcchnologyi  surface  treatment  method,  is  of  substantial  importance.  Namely,  in  eruer  to  take  i u 1 J 
jvantage  of  the  above  excellent  vacuum  properties  of  the  aluminum-alloy  UHV  system,  a  proper  surf.u.*' 
creatment  must  be  made  on  the  inner  surface  of  the  aluminum-alloy  chamber  according  to  the  process  lo  which 
••he  system  is  to  be  installed.  This  paper  is  devoted  to  describe  the  adaptability  of  the  aluminum-alloy  UHV 
system  to  semiconductor  processes  with  emphasis  on  the  importance  of  surface  treatments. 

Surface  treatments 

The  largest  reason  that  aluminum  and  its  alloys  have  long  been  considered  inappropriate  as  UHV 
materials  is  a  lack  of  proper  surface  treatments.  Aluminum  and  its  alloys  as  their  extruded  stare  are 
covered  with  a  thick  (>100A),  porous  oxide-hydride  film  which  forms  an  enormous  source  for  ou^  - 

species.  Noticing  this  point,  Ishimaru  [1]  has  developed  a  so-called  special  extrusion  process  > . 

the  inner  surface  of  the  pipe  is  exposed  only  to  a  mixture  gas  of  pure  oxygen  and  argon  during  the 
extrusion.  This  process  greatly  reduced  the  thickness  of  the  surface  oxide  lay^j  to  about  252  A,  and  a 
chamber  made  with  this  method  showed  a  remarkably  low  outgassing  rate  of  some  10  Torr  1/s  cm  . 

Table  II  shows  a  list  of  existing  surface  treatments  for  aluminum-alloys.  First  five  of  the  six 
:nechods  are  to  produce  a  thin,  clean  oxide  layer  on  the  metal  surface.  Lathing  processes  were  developed  to 
obtain  such  surfaces  on  pipes  of  larger  diameters  or  on  slabs.  The  last  method,  ceramic  coating,  is  for 
use  in  reactive  processes  in  which  chemical  species  are  introduced.  In  what  follows,  our  results  on 
'A)ethanol  lathing  process,  (B)isopropanol  lathing  process,  and  (C)ceramic  coating  process  are  given. 

Table  II  Surface  treatments  used  in  aluminum-alloy  UHV  system 

Special  extrusion  process  (EX  extrusion) 

Special  lathing  process  (EX  process) 

Ethanol  lathing  process  (EL  process)  ....present  work 

Isopropanol  lathing  process  (IPL  process)  ....present  work 
EX-baking  process 

Ceramic  coating  ....present  work 

(A) Ethanol  lathing  process  (EL  process) 

Ethanol  lathing  [2]  is  a  method  in  which  inner  surface  of  the  chamber  is  lathed  using  pure  ethanol  as 
a  lathing  liquid.  A  depth  profile  measurement  of  the  Auger  electron  spectroscopy  (AES)  for  this  r.tiiface 
shows  that  the  oxide  thickness  is  reduced  to  about  one-sixth  of  that  of  native  oxide  by  lathing.  The 
outgassing  rate  from  this  surface  has  been  measured  by  a  throughput  method  (Fig.  1).  The  volume  and  the 

4  2 

Inner  surface  area  of  the  test  chamber  were  64  1  and  1x10  cm  ,  respectively.  Before  the  pumping  the 
chamber  had  been  pumped  to  UHV  region^^nd  exposed  to  air  for  about  1  h.  After  24  h  of  evacuation  the 
outgassing  rate  reached  the  order  of  10  Torr  1/s  cm"".  The  chamber  was  then  baked  at  about  100  C.for  45 
h.  Aft^r  the  bakeout  the  outgassing  rate  was  lowered  by  two  orders  of  magnitude  to  a  value  of  1x10  "  Torr 
1/s  cm  .  This  value  is  one  to  two  orders  of  magnitude  smaller  than  that  for  stainless  steel.  It  is  worth 
noting  that  a  bakeout  as  low  as  at  100  C  is  sufficient  in  producing  this  extremely  low  outgassing  inte. 
The  long  bakeout  time  duration  adopted  here  was  to  confirm  the  saturation  in  outgassing  rate  during  the 
bakeout.  As  shown  later  a  much  shorter  bakeout  time  drives  the  chamber  to  ultrahigh  vacuum  region. 

Figure  2  shows  the  pumping  curve  for  the  same  chamber.  As  shown  schematically  in  the  ins'll,  the 
pumping  system  consists  of  both  a  turbomolecular  pump  (50  1/s),  backed  up  with  an  oil  diffusion  pump  (UP) 
and  a  titanium  sublimation  pump  mounted  in  a  liquid-nitrogenyshroud .  In  2  h  of  evacuation  from  atmfjsp!;er ic 
pressure  the  chamber  can  be  pumped  down  to  the  order  of  lO’  Torr,  and  in  5  h  to  the  order  of  10*'  'lorr. 
At  about  20  h  after  the  st^gt  of  evacuation  liquid  nitrogen  was  introduced  to  the  shroud,  whi^^  drives  the 
system  to  the  order  of  10  Torr.  The  ultimate  pressure  with  tnis  configuration  was  7.4x10  Torr  which 
was  accomplished  in  24  h  of  evacuation.  It  must  be  emphasized  that  the  above  result  is  obtained  with  no 
bakeout  procedures. 

In  actual  semiconductor^^gocesses,  there  might  arise  some  needs  for  UHV  systems  to  reach  ultrahigh 
vacuum,  say  the  order  of  10  Torr,  in  several  hours.  Figure  3  demonstrates  the  capability  of  this 
operation.  Initially,  the  chamber  had  been  exposed  to  air  (moisture=70%)  for  1  h.  After  30  min  of  pumping 
down,  the  baking  heater  was  switched  on  for  1.5  h  in  which  the  chamber  temperature  rose  to  88  C.  At  about 
1.75h  after  the  baking  heater  was  switched  off,  when  the  chamber  was  cooled  down  to  27  C,  liquid  nitrogen 
was  introduced  to  the  titanium  sublimation  pump  (TSP)  shroud  and  the  pressure  reached  the  order  of  10 
Torr  in  6h  and  20  min  after  initial  pumpdown. 

(B) Isopropanol  lathing  process  (IPL  process) 

In  ethanol  lathing  process,  the  aluminum-alloy  metallic  surface  exposed  by  the  machining  immediately 
interacts  with  ethanol  molecules.  Tindall  et  al(3l  showed  that  methanol  molecules  in  contact  with  the 
aluminum  clean  surface  cause  an  oxidation  of  the  surface  at  room  temperatures  and  an  additional  heating  up 
to  450  K  causes  a  formation  of  an  amorphous  carbon  laver  at  the  top  surface.  If  a  similar  mechanism  is 
functional  at  the  liquid-solid  interface  of  the  ethanol-aluminum  system,  a  possibility  arises  that  a 
carbon-containing  surface  oxide  layer  is  formed  during  the  ethanol  lathing  procedure.  Such  oxide  layers, 
being  heated  or  impinged  by  molecules,  ions  or  photons,  would  produce  carbon  oxides  or  other  carbon- 
containing  molecules,  which  would  be  harmful  in  realizing  clean,  extreme  ultrahigh  vacuums. 

On  this  background,  we  investigated  by  x-ray  photoemission  spectroscopy  (XPS)  the  car.ibon  contents 
'^ithin  the  surface  oxide  layer  formed  by  the  ethanol  Inrhmg.  We  also  invest iuntfM!  effects  of  using  other 
alcohols  in  the  treatment  since  the  oxidation  mechanism  jiki  nonce  tno  extL'iu.  ur  carnon  incorporation  may 
differ  according  to  the  alcohol.  Table  III  shows  the  ''urface  carbon  content  and  the?  oxide  thickness  for 
each  alcohol.  Carbon  contnets  are  normalized  wi  tii  r.'ni>  i:<*gtared  iniensitv  ol  tlu?  Ar.'u  sk  in  Lbe  bulk 
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for  the  same  -sample.  Surface  t.hi Lknensos  were  obtajnoci  from -the  iiitt?nsity  ratio  ot  tine- de  and  metallic 
part  of  the  AlT^p  peak.  From  the  table  one  can  that  the  surface  oxides  become  thinner  as  alcohols  with 
larger  molecular  weight  are  used.  On  the  other  hand,  carbon  contents  showed  its  minimum  value  at 
isopropanol  lathed  surface.  Although  the  rp^ilts  are  preliminary,  we  at  present  consider  isopropanol  an 
alternative  to  ethanol  for  its  smaller  surface  oxide  thickness,  lower  surface  carbon  contents,  less 
volatility,  all  compared  with  the  ethanol  surface,  and  the  least  toxicity  among  all  the  alcohols  which  is 
liquid  at  room  temperatures.  Experiments  on  the  outgassing  rate  from  the  isopropanol -lathed  surface  is  now 
being  prepared. 


Table  III  Oxide  thickness  and  Surface  carbon  content 
of  surfaces  lathed  with  various  alcohols. 


Alcohol  Oxide  thickness(A)  Surface  carbon  content(a. u. ) 


methanol 

24.9 

.... 

ethanol 

25.3 

0.82 

1 -propanol 

20.8 

0.83 

isopropanol 

20.6 

0.75 

n-butanol 

21.0 

0.79 

2-butanol 

19.5 

0.82 

isobutanol 

17.8 

0.83 

fOCeramic  coating  . '  .  j  .  i  •  j  r 

For  processes  which  utilize  reactive  species,  a  protective  surface  treatment  must  be  made.  A  kind  ot 
ceramic  coating  has  been  found  to  be  effective  for  this  purpose  [4].  Fig.  4  shows  outgassing  rates  from 
three  different  surfaces  before  and  after  an  exposure  to  dichlorosilane  (100%,  1.4atm.)  for  10  days. 

Before  the  exposure,  both  ethanol  lathing  (EL)  and  special  extrusion  (EX)  samples  showed  equivalent  low 
outgassing  rates  whereas  the  ceramic  coating  (CC)  showed  about  four  times  larger  outgassing  rate.  On 
introducing  the  reactive  gas.  however,  the  order  is  reversed  and  the  outgassing  of  the  former  two  became 
four  times  larger  than  the  latter.  This  ceramic  coating  possesses  almost  as  low  outgassing  properties  after 
sufficient  baking  as  a  UHV  surface  treatment.  Therefore,  for  aluminum-alloy  UHV  systems  into  which  reactive 
species  are  to  be  introduced,  use  of  ceramic-coating  is  strongly  suggested.  It  is  especially  useful  for 
GaAs  MBE  chambers  since  it  shows  a  perfect  protection  against  corrosion  caused  by  an  interaction  between 
gallium  and  aluminum  [5]. 

3. Application  to  semiconductor  processes  /Mnr\ 

Aluminum-alloy  UHV  is  successfully  applied  in  our  laboratory  to  silicon  molecular  beam  epitaxy 
system.  The  inner  surface  of  the  chamber  has  been  finished  with  the  EL  process.  In  this  MBE  _§ystem, 
monosilane(SiH, )  gas  source  is  used  as  a  molecular  beam  source.  Hence,  the  working  pressure  of  5x10  Torr 
is  totally  composed  of  silane  molecules.  In  spite  of  this  rather  high  working  pressure  of  the  process,  it 
turned  out  that  an  attainment  of  UHV  region  in  the  base  pressure  is  critical  for  obtaining  quali|jed  growth 
films.  The  system  can  be  pumped  down  from  the  atmospheric  pressure  to  its  base  pressure  of  4x10  Torr  m 
14  hours  including  a  140  C,  lO-h  bakeout.  Therefore,  growth  experiments  can  routinely  operated  once  a  day 
although  the  lack  of  load-locks  forces  us  to  purge  the  growth  chamber  with  dry  nitrogen  after  growth  to 
exchange  samples.  The  high  thermal  conductivity  of  the  material,  in  addition  to  its  low  outgassing  rate, 
also  contributes  in  attaining  this  short  pump  down  time  since  it  brings  about  high  uniformity  in  the 
bakeout  and  an  extremely  short  cool-down  time. 


^4.  v^oncxusion  hnrt 

The  aluminum-alloy  UHV  system  possess  excellent  vacuum  properties  in  that  it  requires  very 
pumpdown  time  to  reach  UHV  region  with  very  reduced  or  even  without  bakeout  procedures.  Coupled  with  i 
reduced  weight  and  low  cost,  these  merits  suggest  its  potentiality  as  a  UHV  system  in  next 
semiconductor  processes.  As  an  important  part  of  this  vacuum  technology,  several  surface  treatments  n 
been  developed  or  tested  to  confirm  above  excellent  vacuum  properties  under  actual  circumstances,  ^5 

alloy  UHV  systems  with  properly  processed  surfaces  provides  us  with  a  remarkably  convenient  tool  to  ac 
UHV  region  and  its  application  to  variety  of  production  processes  are  expected. 
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absiraci 

A  force  sensor  has  been  developed  for  a 
ainute  load  measurement.  It  consists  of  a  load 
sensing  part,  with  a  piezoresist ive  silicon  diaph¬ 
ragm  sensor,  and  a  load  conducting  part.  The  ac¬ 
tuator,  as  a  load  conductor,  combined  with  a  gim- 
bal  leaf-spring,  transmits  a  part  of  the  applied 
force  onto  the  diaphragm  surface  with  no  friction. 
Its  maximum  displacement  is  restricted  by  the 
spacer  to  prevent  the  thin  diaphragm  from  break¬ 
ing.  The  mechanical  parts  were  assembled  in  a 
sicron  order,  yielding  the  conducting  part,  by 
using  a  diffusion  welding  process. 

The  developed  force  sensor  achieved  19.4 
iiV/gf  force  sensitivity  in  a  70  gf  load  range,  and 
saturation  characteristic  for  over  70  gf  load. 


1.  INTRODUCTION 

Developing  a  sensor  for  a  minute  load  is  one 
of  the  key  factors,  not  only  in  achieving  artifi¬ 
cial  intelligence  and  an  automation  system,  but 
also  in  improving  accuracy  and  reliability  for  in¬ 
dustrial  instrumentations  in  various  fields,  such 
as  precision  equipments,  medical  instruments  and 
robotics.  Conventional  force  sensors,  used  to 
detect  a  rather  large  load,  are  large  in  size  and 
a  relatively  small  sensitivity.  Therefore,  they 
can  hardly  be  used  to  measure  a  minute  load 
precisely. 

Recently,  the  authors  have  developed  a  new 
kind  of  force  sensorCl]  based  on  the  piezoresis¬ 
tance  effect.  The  force  sensor  sensing  elements 
are  formed  into  the  silicon  wafer,  using  conven¬ 
tional  silicon  IC  processing  technologies.  Fur¬ 
thermore,  the  sensor  has  a  thin  leaf-spring,  which 
can  share  most  of  an  applied  load.  Thus  it  can 
control  the  sensitivity  by  varying  the  spring 
stiffness.  In  sensor  assembling  process,  diffu¬ 
sion  welding[2]  was  introduced,  allowing  the  many 
mechanical  parts,  such  as  the  leaf-spring,  an  ac¬ 
tuator  and  spacer  to  be  Joined  precisely  in  micron 
order.  In  this  paper,  the  sensor  structure,  the 
force  sensing  element,  the  leaf-spring,  and  the 
typical  transfer  characteristics  will  be 
presented. 


2.  FORCE  SENSOR 

A  silicon  diaphragm  piezores ist i ve  sensor 
utilizes  the  excellent  mechanical  characteristic 
for  silicon,  as  well  as  electrical 
character i st ics[3] .  The  silicon  diaphragm  has 
greater  stiffness  than  various  metals.  Moreover, 
it  has  no  hysteresis,  since  it  is  made  of  a 
silicon  single  crystal  with  excellent  elasticity. 
Therefore,  it  has  good  repetitive  motion  charac¬ 
teristics,  with  no  fatigue  phenomenon  appearing. 


The  diaphragm  can  be  def lected[43 ,  not  only  by  a 
uniformly  distributed  load,  like  a  fluid  pressure, 
but  also  by  a  concentrated  load.  A  centrally  ap¬ 
plied  concentrated  load  is  chosen  for  the  force 
sensor,  described  here,  and  the  diaphragm  is 
deflected  directly  by  the  applied  load. 

Figure  1  shows  a  cross  sectional  view  of  the 
developed  force  sensor.  The  force  sensor  can  be 
roughly  divided  into  two  parts*  A  load  sensing 
part  and  a  load  conductive  part.  The  load  sens¬ 
ing  part  consists  of  a  silicon  diaphragm  sensor,  a 
header  on  which  the  sensor  is  to  be  mounted,  and 
an  adjusting  ring.  The  header  is  tightly  in¬ 
serted  into  the  adjusting  ring,  which  can  be  used 
to  adjust  the  sensor  setting  height.  On  the 
other  hand,  the  load  conductive  part  consists  of 
an  actuator,  a  leaf-spring,  a  spacer  and  a  housing, 
The  leaf-spring  was  fabricated  by  a  photo-etching 
process.  A  diffusion  welding  process  was  intro¬ 
duced  to  precisely  join  individual  parts  in  a 
micron  order.  The  actuator  transmits  an  applied 
load  to  the  top  of  the  diaphragm  center.  The 
leaf-spring,  welded  to  both  the  actuator  and  the 
housing,  supports  the  actuator.  Its  stiffness  con¬ 
trols  the  detected  load  range.  The  spacer,  whose 
thickness  was  precisely  controlled  by  grinding, 
was  located  under  the  leaf-spring  to  restrict  the 
maximum  leaf-spring  deflection  and  to  protect  the 
diaphragm  against  an  excessive  load.  The  spacer 
was  also  welded  to  the  leaf-spring  and  housing. 

Main  features  of  this  force  sensor  structure 
are  as  follow:  (1)  No  hysteresis  can  be  found, 
due  to  no  friction  during  sensing  operation. 
That  is  because  the  actuator  and  the  leaf-spring 
were  joined  together  and  actuated  as  one  integral 
part,  with  no  guide,  such  as  a  slide  bearing. 
(2)  The  maximum  deflection  is  strictly  restricted 
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Fig.l.  Cross  sectional  view  of  the  developed 
force  sensor. 
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(a) 

Fig. 2.  Piezores ist i ve  silicon  diaphragi  sensor. 
U;  Sensor  structure,  (b)  Bridge  circuit  with 
four  piezoresistors. 


by  the  spacer  to  prevent  the  thin  diaphragi  froi 
breaking.  (3)  It  is  possible  to  design  the  sen¬ 
sor  for  different  load  ranges,  froi  a  linute  load 
to  a  heavy  load,  by  appropriately  selecting  the 
leaf-spring  stiffness.  This  is  because  the  ap- 
pJied  load  is  divided  into  two  parts,  and  that  two 
divided  loads  are  shared  by  the  leaf-spring  and 
the  diaphragi. 


8^ SILICON  DIAPHRAGM  SENSQI^ 

^  ^  ®  ^  silicon  diaphragi 

sensorCS]  is  shown  in  Fig. 2(a).  It  consists  of  a 
thin  square  silicon  diaphragi,  selectively  etched 
Jd?®  wafer,  and  four  piezoresistors 

vKi  -  R4)  diffused  onto  the  diaphragi  by  ion  li- 
Plantation  technology.  The  diaphragi  leasured  1 
11  square  and  was  27±l/zm  thick.  The  diaphragi 
surface  was  covered  with  an  about  O.Zum  thick 
S1O2  layer,  in  order  to  protect  piezoresistors 
against  circuiambient  environient.  As  the  diaph- 
ragi  is  quite  thin,  it  is  easily  deflected  by  a 
load  applied  to  its  top  or  bottoi.  Such  deflec- 
tion  changes  the  resistance  of  the  piezoresistors 
which  is  proportional  to  the  applied  load. 

Each  resistor  is  20/z  m  wide  and  200^  m 
long.  The  long  side  of  each  piezoresistors  is 
laid  out  in  the  <110>  crystallography  direction  on 
the  diaphragi.  RI  and  R3  are  perpendicular  to 
the  diaphragi  edge,  while  R2  and  R4  are  parallel 
to  the  diaphragi  edge.  These  two  pairs  are  con¬ 
nected  to  fori  a  Wheatstone  bridge  circuit,  ex- 
cited  by  a  constant  voltage  Vexc-  as  shown  in 
rig.Zlbj.  An  output  voltage  Vn  is  obtained  in 
proportion  to  the  load  leasured. 

In  order  to  calculate  the  diaphragi  stiff¬ 
ness,  diaphragi  deflection,  due  to  the  con¬ 
centrated  force  applied  to  the  diaphragi  center, 

by  the  Finite  Eleient 
Method  (FEM).  Figure  3  shows  the  diaphragi  cen¬ 
ter  line  displaceaent  as  a  function  of  a  distance 
froi  the  diaphragi  center.  It  is  assuied  that 
the  diaphragi  is  I  ■■  square  and  20m  m  thick,  and 
that  the  applied  load  is  10  gf.  The  center  dis¬ 
placeaent  shows  that  the  spring  constant  for  a  20 
Mm  thick  diaphragi  is  2.1  gt/Mm.  Since  the 
spring  constant  is  in  proportion  to  the  cube  of 
diaphragi  thickness,  the  spring  constant  for  the 
current  diaphragi,  27 Mm  thick,  was  calculated  as 


T6 


< 

_J 

Q. 

22 

Q 


X-DISTANCE  [/xm] 

Fig. 3.  Diaphragi  center  line  displaceaent  as  a 
function  of  distance  froi  the  diaphragi  center 
Concentrated  applied  load  and  diaphragi  thickness 
are  10  gf  and  20iurn,  respectively. 


0-1  In  addition,  the  breaking  strength 

or  the  current  diaphragi  under  a  concentrated 
load,  was  leasured.  In  order  to  obtain  data 
regarding  the  laxiiui  deflection  in  practical  use 
The  diaphragi  broke  at  13/zm  displaceaent. 
Therefore,  the  laxiiui  tolerance  deflection  in 
operation  will  be  set  at  10/zm. 


L  LEAF-SPRIWO 


In  the  developed  force  sensor,  the  actuator, 
■echanically  coibined  with  the  leaf-spring,  always 
touches  the  silicon  diaphragi  surface.  There- 
fore.  It  is  actuated  according  to  the  leaf-spring 
oeriection,  and  can  love  up  and  down  freely,  with 
no  lotion  guide  required.  As  a  result.  It  is 
possible  to  eliiinate  hysteresis  froi  the  diaph- 
ragi  lotion  and  to  iiprove  repeatability  as  well 
as  durab i 1 i ty. 

When  applying  the  force  sensor,  for  a  vari¬ 
able  load  range,  a  spring  constant  should  be  al¬ 
tered  to  an  appropriate  value.  A  lodeling 
diagrai  for  a  spring  systei  in  the  sensor  is  shown 
j  '5u  ■  j.Fhere  are  two  springs,  the  leaf-spring 
and  the  diaphragi.  in  parallel.  These  two 
springs  respectively  pick  up  divided  load.  Pi  and 
P2.  froi  applied  load  Pq,  according  to  their 
spring  constants  k,  and  kz-  As  the  diaphragi 
spring  constant  and  laxiiui  allowable  deflection 
are  .1  gt/Mm  and  10// m,  respectively,  as  aen- 
tioned  earlier,  the  laxiiui  tolerance  load  for  the 
tabricated  diaphragi  is  calculated  as  51  gf.  If 
the  laxiiua  load  applied  Is  reduced  to  the  saie 
level  as  the  diaphragi  tolerable  load,  such  as  51 
8  .  It  IS  necessary  to  ■iniiize  the  spring  con¬ 
stant  for  the  leaf-spring,  to  walntain  sufficient 
sensitivity,  while  still  retaining  the  actuator 
supporting  function. 

As  the  spring  constant  depends  on  the  spring 
s  ape  as  well  as  the  diienslons,  there  are  lany 
degrees  of  freedoi  which  lust  be  deteriined  in  or¬ 
der  to  design  the  spring.  A  thinner  leaf- 

spring  would  be  effective  in  reducing  the  spring 
constant.  However,  due  to  heat  and  pressure  in 
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Fig. 4.  Modeling  diagrai  for  a  spring  systea  in 
the  force  sensor. 


the  diffusion  welding  process,  the  circular  plate, 
thinner  than  I50/zm,  would  warp  so  ouch  that  it 
could  not  be  applied  for  this  purpose.  The 
authors  proposed  the  so  called  gimbal  leaf-spring, 
as  shown  in  Fig. 5.  Grooves  in  the  thin  metal 
plate  reduce  the  spring  constant  without  excessive 
warpage.  Displacement  dependences  on  applied 
loads,  simulated  by  FEM,  are  shown  in  Fig. 6.  In 
the  figure,  three  cases,  giabal  springs  with  two 
different  thicknesses  and  a  circular  plate,  are 
compared.  It  can  be  seen  that  the  displacement 
for  the  250/im  thick  gimbal  spring  is  more  than 
ten  times  than  that  for  the  same  thick  circular 
plate.  It  was  confirmed  that  the  proposed  gimbal 
structure  was  suitable  for  reducing  the  spring 


^ig.6.  Displacement  dependence  on  applied  load 
different  springs. 
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Fig. 5.  Gimbal  leaf-spring  structure. 


constant.  Moreover,  spring  constants  for  the 
proposed  gimbal  springs  were  5.8  gf//im  and  1.3 
/  II  m  for  250/zm  and  150/im  thicknesses, 
respectively. 

In  Fig. 7,  the  combined  whole  spring  constant, 
as  well  as  individual  constant  components,  are 
shown.  As  shown  in  the  figure,  the  combination 
of  a  gimbal-spr ing  250/zm  thick  and  a  silicon 
diaphragm  21  u  m  thick  offers  the  10.8  gf/'/im 
spring  constant.  Then,  this  combination  is  suf¬ 
ficient  for  use  to  detect  a  minute  load,  such  as  a 
few  tens  of  a  gram. 


5^_  RESULTS  AND  DISCUSSIONS 

The  force  sensor  was  assembled  as  follows: 
First,  individual  parts  in  the  load  conductive 
part  were  joined  simultaneously  by  diffusion  weld- 


Fig.7.  Displacement  dependence  on  applied  load 
for  combined  force  sensor. 
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Fig. 8.  Fabricated  force  sensor  photograph.  A 
standard  dual-in-line  package  is  also  shown  for 
scale  coDparison. 


ing,  as  nentioned  before.  Next,  the  sensing  part 
was  adhered  to  the  housing  after  adjusting  the 
diaphragm  location,  In  order  to  retain  the  desired 
contact  between  the  actuator  and  the  diaphragm. 
The  assembled  force  sensor  is  shown  in  Fig. 8, 

Figure  9  shows  the  measured  transfer  charac¬ 
teristics.  The  vertical  axes  show  the  output 
voltage  and  the  diaphragm  center  displacement, 
while  the  horizontal  axis  shows  the  applied  load. 
The  sensor  was  excited  by  a  constant  10  V.  An 
output  voltage  as  large  as  1360  mV  and  a  9,2/zm 
displacement  were  obtained  for  a  70  gf  applied 
load.  From  the  figure,  the  obtained  output  sen¬ 
sitivity  was  19.4  mV/gf,  Good  linearity  with  no 
hysteresis  was  achieved.  Also,  the  measured  to¬ 
tal  spring  constant,  combined  with  the  leaf-spring 
and  the  diaphragm,  is  7.6  gf//zm,  which  agrees 
relatively  well  with  the  10.9  gf/// m  simulated 
value.  These  results  indicate  that  the  force 
sensor  has  sufficient  sensitivity  in  a  range  where 
as  much  as  70  gf  load  is  applied. 

If  the  leaf-spring  were  thinned  down,  this 
force  sensor  could  be  used  in  a  minute  load  ap¬ 
plication.  The  authors  succeeded  in  making  a 
leaf-spring  thinned  down  to  150// m,  and  in  join¬ 
ing  the  leaf-spring  to  a  housing  with  little  war- 
page,  by  using  the  welding  process.  then  this 
leaf-spring,  with  a  1.3  gf///ni  simulated  spring 
constant,  is  combined  with  a  sensing  part  having  a 
20//m  thick  diaphragm,  as  well  as  with  a  2.1  gf/ 
//m  simulated  constant,  the  total  spring  constant 
would  become  3.4  gf///m.  This  means  that  this 
sensor  will  measure  a  minute  load,  such  as  a  20  gf 
maximum  load. 


Fig. 9.  Measured  transfer  characteristics.  Out¬ 
put  voltage  and  displacement  are  shown  in  vertical 
axes. 


spring  constant  without  excessive  warpage.  The 
diffusion  welding  technology  has  been  introduced 
to  precisely  join  mechanical  parts,  such  as  a 
leaf-spring,  in  a  micron  order.  Output  voltage 
was  1360  mV  and  diaphragm  center  displacement  was 
9.2// m.  respectively,  for  a  70  gf  load.  As  the 
leaf-spring  deflection  is  restricted  on  over  70  gf 
load,  the  silicon  thin  diaphragm  could  be 
protected  against  an  overload.  It  is  foreseen 
that  a  few  gram  maximum  load  would  be  measured 
with  good  linearity,  by  utilizing  a  thinner  leaf¬ 
spring  and  thinner  diaphragm. 
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6.  CONCLUSION 

A  force  sensor  suitable  for  a  minute  load 
measurement  has  been  developed,  utilizing  a 
piezoresistive  silicon  diaphragm  sensor.  A  con¬ 
centrated  detected  load,  transmitted  by  an  ac¬ 
tuator  supported  by  a  leaf-spring,  was  applied  at 
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ABSTRACT 

To  develope  small-sized  and  high-fidelity 
input  apparatuses  for  reading  letters  and  images, 
we  have  studied  the  application  of  an  optical 
fiber  array  for  a  novel  optical  system  of  compact 
contact-type  image  sensors  instead  of  a  lod  lens 
array. 

The  illuminance  on  the  photodetectors  of  100 
lx  (570  nm  yellow-green  LED  as  a  light  source), 
the  modulation  transfer  function  (MTF)  of  50%  at  8 
Ip/mm  of  the  image  sensor  and  miniaturization  of 
the  sensor  unit  (e.g.,  a  thickness  of  6.4  mm)  were 
attained.  The  illuminance  obtained  by  the  present 
optical  system  is  about  4  times  as  large  as  that 
of  the  conventional  one,  and  the  resolution 
characteristics  of  the  system  are  excellent  as 
well. 

A  2048  bits,  70  bits/mm  linear  charge  coupled 
device  (CCD)  or  a  1728  bits,  8  bits/mm  a-Si:H  thin 
film  linear  photodiode  array  is  used  as  the 
photodetector  of  the  image  sensor.  Letters ( e .g. ,  8 
point-size)  and  images  of  documents  were  read  and 
reproduced  by  a  thermal  printer  successfully. 


1.  INTRODUCTION 

In  recent  years,  contact- type  image  sensors 
have  been  developed  for  the  use  in  facsimile 
apparatuses  to  miniaturze  the  apparatuses  and 
reduce  their  production  cost.^~^°'  Most  of  the 
contact-type  image  sensors  are  generally  designed 
so  that  information  of  documents  reach  the  sensors 
through  rod  lens  arrays.  The  document  must  be  kept 
apart  from  the  sensor  by  the  total  conjugate 
length  of  the  rod  lens  array,  so  the  thickness  of 
a  unit  of  the  contact- type  image  sensor  is  20''^30mm. 
Some  of  the  contact- type  image  sensors have  no 
lens  system,  which  results  in  a  miniaturization  of 
the  apparatus.  One  of  these  image  sensors  is 
placed  in  direct  contact  with  documents,  which  are 
irradiated  through  small  windows  fabricated  on 
sensor  substrates  with  light  sources.  Therefore 
the  transmittance  of  light  is  low  and  it  is 
difficult  to  keep  the  illuminance  on  the  sensors 
high. 

In  contrast,  the  contact- type  image  sensors 
using  optical  fibers  enable  the  unit  to  be 
miniaturized  easily.  But  it  is  difficult  to 
illuminate  the  document  efficiently  while 
maintaining  the  high  resolution  of  the  system. 

To  overcome  this  problem  we  propose  a  new-type 
optical  system  with  fiber  arrays. 

In  this  paper  we  report  the  characteristics 
of  the  new- type  optical  system  and  its  application 
for  a  novel  optical  system  of  the  contact-type 
image  sensor. 


2,  PRINCIPLE  OF  OPTICAL  SYSTEM 

The  optical  fiber  array  consists  of  a  great 
number  of  optical  fibers  whose  diameter  is  about 


25pm.  These  optical  fiber  arrays  are  generally 
classified  between  Clear-type  and  EMA(Extra  Mural 
Absorption) -type  according  to  the  existence  of 
light  absorbing  substance  disposed  between  the 
adjacent  optical  fibers.  The  structures  of  Clear- 
type  optical  fiber  array  and  EMA-type  one  are 
shown  in  Fig. 1(a)  and  (b).  In  the  Clear- type 
optical  fiber  array,  light  that  is  incident  upon 
the  optical  fibers  at  angles  of  a  certain  value  or 
more  do  not  attain  total  reflection  at  the 
interface  between  the  core  and  the  clad,  and  the 
light  reaches  the  adjacent  optical  fiber  through 
the  clad.  Such  leakage  light  reduces  the  quality 
of  images.  On  the  other  hand,  in  the  case  of  EMA- 
type  optical  fiber  array,  which  is  constituted  by 
optical  fibers  witli  a  light  absorbing  substance 
disposed  between  the  adjacent  optical  fibers,  the 
leakage  light  is  absorbed  and  so  the  high 
resolution  of  the  optical  fiber  array  is 
maintained. 

The  MTF  characteristics  of  the  Clear-type 
optical  fiber  array  and  the  EMA-type  one  are  shown 
in  Fig. 2.  The  EMA-type  optical  fiber  array  has  the 
MTF  of  about  80%  at  a  spatial  frequency  of  4  Ip/mrr., 
that  is  clearly  superior  to  that  of  the  Clear-type 
one.  However,  when  this  EMA-type  optical  fiber 
array  is  applied  to  a  contact- type  image  sensor, 
it  is  difficult  to  irradiate  the  document  with  a 
light  source  because  of  the  light  absorbing 
substances.  If  a  certain  gap  is  set  up  between  the 
document  and  the  optical  fiber  array  so  that  a 
light  can  be  introduced  to  the  document,  the 
resolution  of  the  system  is  reduced. 

The  conbined  optical  fiber  array  (Hybrid- type 
optical  fiber  array)  of  Clear-type  one  and  EMA- 
type  one,  shown  in  Fig. 1(c),  is  proposed.  This 
system  enables  the  problem  mentioned  above  to  be 


document  side 


(  a  )  C  1  e  a  r  ■  i.  .V  p  e  (  b  )  R  M  A  - 1  y  p  e  (  c  )  H  y  b  r  i  d  - 1  y  p  e 


Fig.l.  Structure  of  optical  fiber  array,  (a) Clear- 
type,  (b)EMA-type,  (c)Hybrid-type  optical  fiber 
array . 
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Spatial  frequency  (1  p/mm ) 


Fig. 2.  MTF  characteristics  of  Clear-type,  EMA-type 
and  Hybrid-type  optical  fiber  array. 


settled.  When  this  Hybrid-type  optical  fiber  array 
is  applied  to  a  contact- type  image  sensor,  the 
document  can  be  illuminated  through  the  part  of 
the  Clear-type  optical  fiber  array  and  the  leakage 
light  can  be  absorbed  by  the  light  absorbing 
substance  of  the  EMA-type  optical  fiber  array.  The 
MTF  of  the  Hybrid-type  optical  fiber  array  is 
shown  in  Fig. 2.  The  Hybrid-type  optical  fiber 
array  exhibits  excellent  MTF  characteristics  that 
are  about  the  same  as  those  of  the  EMA-type  one . 


3.  CHARACTERISTICS  OF  HYBRID-TYPE  OPTICAL  FIBER 

ARRAY  ^  w 

Figure  3  shows  the  dependence  of  the  Hybrid- 
type’s  MTF  upon  the  gap  between  the  document  and 


Gap  (mm) 


Fig. 3.  Dependence  of  the  Hybrid-type's  MTF  upon 
the  gap  between  a  document  and  optical  fiber 
array. 


l.,e  n  g  1  h  (mm ) 


Fig. 4.  Measured  uniformity  of  the  transmittance 
of  the  Hybrid-type  optical  fiber  array. 


the  optical  fiber  array.  When  the  gap  was  set  at 
0.3mm,  the  MTF  of  45%  at  a  spatial  frequency  of  4 
Ip/mm  was  obtained.  The  depth  of  field  is  about 
the  same  as  that  of  a  rod  lens  array. 

The  measured  uniformity  of  the  transmittance 
of  the  Hybrid-type  optical  fiber  array  is  shown  in 
Fig. 4.  The  non-uniformity  was  less  than  ±4.5%  and 
the  mean  transmittance  was  about  25%.  The 
transmittance  is  more  than  10  times  as  excellent 
as  those  of  a  conventional  spherical  lens  and  a 
rod  lens  array. 

The  transmittance  of  a  light  going  across 
the  Clear-type  optical  fiber  array  is  shown  in 
Fig. 5,  where  d  is  the  distance  on  the  document 
surface  that  a  light  goes  across  the  Clear-type 
optical  fiber  array. 


d  (mm) 


Fig. 5.  Transmittance  of  a  light  going  across  the 
Clear-type  optical  fiber  array. 


For  example,  the  transmittance  at  the 
position  of  d=0.2mm  is  about  50%.  In  this  case 
the  total  decaying  rale  of  this  optical  system 
from  the  light  source  to  the  sensor  is  . 

12.5%.  Therefore,  if  the  light  source  with  tn 
illuminance  on  the  document  of  800  lx  is  use  , 
illuminance  on  the  sensor  of  100  lx  is  at  tame  * 
The  illuminance  obtained  by  the  present  opl'^‘ 
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system  is  about  4  times  as  large  as  that  of  the 
conventional  lod  lens  one. 

Figure  6  shows  the  relation  between  the  fiber 
diameter  and  the  estimated  MTF  of  the  optical 
fiber  array.  The  MTF  is  estimated  by  the  number  of 
the  fibers  occupying  the  corresponding  area  of 
each  resolutions.  When  the  fiber  diameter  is  25pm, 
the  MTF  is  50%  at  a  spatial  frequency  of  8  Ip/mm. 
It  is  reasonable  to  use  the  fiber  whose  diameter 
is  about  25pm  in  case  of  application  to  contact- 
type  image  sensors  with  the  resolution  of  8  or  16 
bits/mm. 


Fig. 6.  Relation  between  the  fiber  diameter  and 
the  estimated  MTF  of  the  optical  fiber  array. 


Fig. 8.  MTF  of  the  contact- type  CCD  image  sensor. 


Electrodes  on  the  CCD  chip  are  bonded  to  wiring 
electrodes  formed  on  the  EMA-type  optical  fiber 
array  by  the  use  of  bonding  bumps.  By  the  use  of 
the  570nm  yellow-green  LED  array  without  a  rod 
lens,  miniaturization  of  the  sensor  unit  and 
uniformity  of  illuminance  (about  ±2%)  on  the 
document  were  attained. 

The  MTF  of  the  present  contact-type  image 
sensor  is  shown  in  Fig. 8.  The  MTF  of  50%  at  81p/mm 
was  attained,  which  is  superior  to  that  of 
conventional  contact- type  image  sensors. 

An  example  of  read  and  reproduced  images  of  8 
point-size  letters  is  shown  in  Fig. 9.  The  read 
images  are  of  good  quality. 


4.  APPLICATION  TO  CONTACT-TYPE  IMAGE  SENSORS 
4.1  CCD  IMAGE  SENSOR 

A  cross-sectional  view  of  the  contact-type 
image  sensor  unit  which  consists  of  a  Hybrid-type 
optical  fiber  array,  a  charge  coupled  device (CCD) 
and  a  light  source  is  shown  in  Fig. 7,  where  a  2048 
bits,  70  bits/mm  linear  CCD  is  used.  The  sizes  of 
the  sensor  unit  are  19mm(W)  x  7mm(D)  x  50mm(L). 


Fig. 7.  Cross-sectional  view  of  the  contact- type 
CCD  image  sensor  unit  which  consists  of  a 
Hybrid-type  optical  fiber  array,  CCD  sensor 
and  a  light  source. 


Fig. 9.  Example  of  read  and  reproduced  images  of 
8  point-size  letters. 


4.2  a-Si:H  IMAGE  SENSOR 

A  cross-sectional  view  of  the  contact— type 
image  sensor  unit  which  consists  of  the  Hybrid- 
type  optical  fiber  array,  an  a-Si:H  sensor  and  the 


8l 


LEb  array  ih  J>hf/Wn  iri  w!',cr»-  a  1 7?f5  R 

bits/mrT!  a-Si  :!l  Ihin  ii'ci  Jinear  phot  ode trc tor 
array  is  un^-d.  Tiie  (Jitner'd  ionr.  of  t.tio  sensor  arc 
32fnn(W)  x  6.4rirrifh,'  x  I, )  . 

The  si^^nal  waveform  f,}  a  rrsolntion  test 
chart  is  shown  in  Ttie  MTF  of  60%  at  4 

Ip/mm  was  obtained.  An  example  of  rf'prod'jced 
iiTiages  is  shown  in  Fi^y.3  2.  Ttie  roadinc  ^^f  images 
was  performed  5uccess;fuJ  ly . 


a  S  i  ;  II 

sensor  1 . 1’.  1)  a  r  r  a  y 


0  1  0mm 

I  _ _ J 


Fig. 10.  Cross-sectional  view  of  the  contact-type 
a-Si:H  image  sensor  unit  which  consists  of  a 
Hybrid- type  optical  fiber  array,  an  a-Si:H 
sensor  and  a  light  source. 
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6,  3UMMAHY 

Ttie  novel  optical  system  composed  of  Clear- 
type  optical  fiber  array  and  F.MA-type  one  for 
con tact- type  image  sensor  has  been  developed 
instead  of  a  conventional  lens  system  such  an  a 
rod  lens  array. 

The  optical  system  exlubited  the  MTF  of  50% 
at  8  Ip/mm,  about  the  same  depth  of  field  as  that 
of  a  rod  lens  array,  the  uniformity  of  less  than 
t4.5/o  and  the  high  transmittance  of  about  25%. 

By  the  application  of  the  present  optical 
fibc''  array  to  contact- type  image  sensors,  the 
high  illuminance  on  the  photodetectors,  the  higl; 
resolution  characteristics  and  miniaturization 
of  the  sensor  unit  were  attained  and  the  readings 
of  images  were  achieved  successfully. 
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Fig. 11.  Signal  waveform  of  a  resolution  test  chart. 
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Fig. 12.  Example  of  ceproduced  images. 
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Abst  rac  t 

A  paste  containing  molybdenum  (Mo)  and  titanium  nitride  (TiN)  powders  was  printed  on  aluminum 
nitride  (AIN)  substrates  and  was  post  fired.  An  adhesion  strength  of  metallized  substrates  with  Ni/Au 
plate  was  about  25kg/2.5mm°  and  was  unchanged  after  thermal  cycle  test.  TiN-Mo  does  not  adhere  to  the 
grain  boundary  phase  in  AIN  substrate  nor  to  surface  oxide  layer  but  to  the  AIN  grain  itself.  This 
method,  therefore,  seems  to  be  applicable  to  any  kinds  of  AIN  substrates,  which  may  have  different  grain 
boundary  oxide  phases  and  thermal  conductivities. 

This  TiN~Mo  metallized  AIN  substrate  was  tried  to  displace  a  beryllium  oxide  (BeO)  heat  sink,  which 
has  been  used  for  RF  power  transistors.  There  was  no  trouble  in  assembing  the  AIN  heat  sinks  into 
transistors.  Thermal  resistance  and  electrical  properties  for  transistors  with  AIN  heat  sinks  were 
almost  equal  to  those  with  BeO  heat  sinks.  The  TiN-Mo  metallized  AIN  substrates  were  found  to  be  able  to 
replace  BeO  substrates  as  the  heat  sink  for  semiconductor  devices. 


1.  Introduction 

The  AIN  is  well-known  as  a  suitable  material  for  high  power  device  heat  sinks  or  for  IC  ceramic 
packages,  because  of  its  high  thermal  conductivity  and  a  thermal  expansion  coefficient  close  to  that  for 
silicon.  A  conductive  layer  on  the  AIN  substrate  is  needed  for  these  applications.  A  lot  of 
metallization  methods  used  for  aluminum  oxide  (A1203)  ceramics  are  applicable  to  AIN  substrates  in 
principle [ 1 ]- [5 ] .  The  purpose  of  this  study  is  to  establish  a  metallization  method  similer  to  the 
Molybdenum-Manganese  (Mo-Mn)  method  for  A1203  ceramics,  for  the  mass  production  of  heat  sinks. 

In  the  Mo-Mn  method  for  A1203,  metallization  ingredients  adhere  to  the  grain  boundary  phases  in 
A1203  substrates.  As  highly  thermal  conductive  AIN  substrates  have  few  grain  boundary  phases,  it  is 
difficult  to  directly  transfer  the  Mo-Mn  method  to  AIN  ceramics,  A  metallization  method,  in  which 
metallization  ingredients  adhere  directly  to  Ehe  AIN  grain,  is  required. 

Active  metal  brazing  alloy,  such  as  Ti-Ag-Cu,  is  used  to  adhere  AIN  ceramics  to  metal [3].  Titanium 
(Ti)  is  applicable  to  adhere  AIN  ceramics  to  metal  directly,  A  high  titanium-concentration  reaction 
product,  that  forms  at  the  metal-AlN  interface,  is  TiN[6].  Though  an  active  metal  method  is  useful  for 
causing  AIN  ceramics  and  metal  to  adhere,  it  is  unsuitable  for  making  up  fine  patterns  on  AIN  substrates. 

This  study,  therefore,  has  been  undertaken  to  assist  in  developing  a  metallization  method  by 
printing,  using  TiN  based  powder.  There  are  three  important  points  which  must  be  considered  in  order  to 
develope  strongly  adhesive  metallization  substrates. 

(1)  The  strength  of  the  metallization  layer  itself. 

(2)  Strong  adhesion  between  AIN  substrates  and  metallization  layer. 

(3)  There  must  be  no  damage  to  AIN  substrates,  such  as  residual  stress  and  chemical  reaction,  which 
would  weaken  the  substrates. 

This  study  was  made  to  foster  matallizat ion  ingredients  adhering  directly  with  AIN  grain,  260W/m* 
K-AIN  substrates  which  had  no  grain  boundary  phase,  were  used.  This  is  because  AIN  substrates 
usually  contain  a  grain  boundary  phase,  such  as  Y203,  2Y203*A1203,  Y203*A1203,  3Y203 •5Al203i  Once  a 
method  for  direct  metallizing  to  AIN  grain  is  successively  developed,  this  method  is  thought  to  be 
applicable  to  any  kinds  of  AIN  ceramics.  Finally,  metallized  AIN  heat  sinks  were  tried  to  displace  BeO 
heat  sinks,  which  have  been  used  for  RF  power  transistors,  in  order  to  find  a  possibility  for 
replacing  BeO  heat  sinks. 

2.  TiN-Mo  metallization 


2.1  Metallization  method  and  adhesion  test 

AIN  substrates,  which  had  thermal  conductivity  of 
260W/m*K  with  no  grain  boundary  phase  obtained  from 
Toshiba  R&t)  center,  were  used.  The  surface  roughness 
(Rmax)  for  the  substrates  was  Sfim  and  below.  Average 
grain  size  for  the  substrates,  measured  by  SEM 
observation,  was  in  lO-lSf/ra.  Average  powder  sizes  for 
Mo  (Toshiba),  TiN  (Nihon  Shinkinzoku)  and  Ti  (Koujundo 
Kagaku)  was  1.2,  0.8  and  7,5iim,  respectively.  Table  1 
shows  characteristics  for  these  powders. 

In  order  to  investigate  the  possibility  of  other 
active  metal  compounds,  TiN  paste  was  prepared,  in 
addition  to  Ti  paste.  2.0mm  square  pads  were  printed 
out  in  I5um  sections  on  the  25. 4x25. 4mm  AIN  substrates 
These  samples  were  fired  at  1873,  1973  and  2073K  under 
a  nitrogen  atmospheric  pressure.  Then  Ni  (3-5/im)  and 


Table  1,  Powder  characteristics 


Powder 

Average 
grain  site 
l^im) 

Impurities  {%) 

Fe  :  Al  ■  Ca  i  Mg  j  Ni  •  K  Cr  |  Zn  W  Co 

Ti 

t) 

7.5 

^  ^  ^  T  ^ 

0.02  0.01  iO.OOll  0.01  10.01  :  —  ;0.008;0.00l  — 

1  i  !  ; _ _ _  . 

- 

TiN 

2) 

0.85 

O.tt  '  5  *  Is  *  1  —  !o.005‘  O.Ot  1  --  ‘  1.7 

;  1  !■  i  j  ,  1  . 

0.1 

Mo 

1' 

1.2 

o.ooals*  —  is*  io.02  j  5"  1  -  i  “ 

..  1 . _ ! _ ^ ^ _ i 

i _ 

1)  Stokes'  diameter  *  (PP"') 


2)  Permeametry  (Fisher) 

3)  Permeametry  (Blairte) 
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Au  were  plated,  successively.  1, 0mm  diameter  pins  were  63SM-Pb  soldered  on  the  2.0mni'^  pads. 

The  adhesion  strength  was  measured  by  pulling  the  pin  perpendicularly  (5mm/min  cross  head  speed). 

Delamination  for  Ti  metallization  was  found  after  firing  and  average  adhesion  strength  was  less 
than  2kg/2mm”.  No  adhesion  strength  was  less  than  2kg/2mm“.  No  delamination  for  TiN  metallization  was 
found  after  firing  and  average  adhesion  strength  was  about  5kg/2mm°.  When  sintered  substances 
(I0xl0x7mm)  of  AIN  (containing  4wt.%  of  3Y203 •5A 1203 )  and  TiN  were  hot  pressed  to  2kg/cm-  at  2()73K,  AIN 
and  TiN  also  adhered  to  each  other.  TiN  was  chosen  for  the  adhesion  element  to  AIN  in  this  metallization 
study.  Though  TiN  was  confirmed  to  be  the  best  element  to  adhere  to  AlN  directly,  adhesion  strength  was 
only  5kg/2mm°  in  metallization.  Some  other  elements  had  to  be  added  to  TiN  paste  in  order  to  improve 
the  adhesion  strength.  Mo  was  selected  for  this  purpose. 

Six  different  volume  ratio  for  TiN-Mo  pastes  were  prepared.  They  were  Mo  only  ('‘Mo’*),  2Mo:  ITiN 
("21TiN"),  lMo:lTiN  ("llTiN"),  lMo:2TiN  (’'12TiN"),  lMo:3.8TiN 

("lATiN”),  and  TiN  only  ("TiN”)  and  were  printed  on  AIN  substrates.  _  _ _ 

These  samples  were  fired  at  2013,  2073  and  2133K  under  the  same  j  mo  •  _  mo  t^n  ^  T_Tin 

conditions.  Adhesion  strength  was  measured  by  the  pull  off  test  ^ 

and  the  knife  scratch  test.  ~ 

(1)  When  "Mo"  was  used,  average  pull  off  strength  was  0kg/2mm°  at 

every  firing  temperature  (Fig.  1),  because  no  sooner  than  ^  C  t  j 

soldered  pin  was  chucked,  destruction  between  metallization  | 

layer  and  AIN  substrates  occured.  Delamination  between  A' 

metallization  layer  and  AIN  substrate  is  shown  in  SEM  ^  ^ 

photographs  of  cross  sectional  views  (Fig.  2).  These  ^  >  i 

photographs  also  show  that  the  metal  layer  was  densified.  io- 

(2)  When  "TiN"  was  used,  the  average  pull  off  strength  was  only  g  t;:< _  l 

2kg/2mm°  at  2013K.  When  the  firing  temperature  was  risen  to  S  ®  1  I  ]  T 

2073K,  the  average  pull  off  strength  increased  to  5t7kg/2mm".  5-  1  1 

The  value  was  almost  unchanged,  when  the  firing  temperature  ^  ’’’  'j 

was  risen  to  2073K  or  over  (Fig,  1).  Destruction  occured  in  ^  ^  i  i 

the  metallization  layer  (Fig.  3),  as  TiN  metallization  layer  1 

was  very  porous  (Fig.  2).  Moreover,  metallization  layer  2-  J' 

powdery  broke  easily  at  every  firing  temperature  according  to 

the  knife  scratch  test  (Table  2),  because  of  low  density  of  0’ - ' — ^ — ' — ' — ^ — ' — ' — * — ' — ^ 

TiN  metallization  layer  (Fig.  2).  However,  adhesion  between  2013  2073  2133 

TiN  and  AIN  was  found  by  the  observation  of  the  destroyed  AIN  Firing  temperature  (K) 

surface  after  the  pull  off  test.  TiN  existed  on  its  surface 

and  its  surface  changed  from  its  original  color  (transparent  Fig.  1.  Temperature  dependency  of 
white)  to  black.  pull  strength  of  TiN-Mo 

(3)  When  TiN-Mo  pastes  were  used,  average  pull  off  strengths  were  pastes 

almost  the  same  value  on  the  whole,  although  the  pull  off  strength  for  some  TiN-Mo  paste  became 
higher  for  firing  temperature  rising  (Fig.  1).  The  maximum  pull  off  strength  was  much  higher  than 
that  for  only  Mo  and  only  TiN.  Table  2  shows  that  TiN-Mo  metallization  layer  broke  in  the  layer 
itself  at  2013K,  in  the  knife  test.  When  firing  temperatures ’ rose  to  2073  and  2133K,  "21TiN", 

"llTiN"  and  "12TiN  metallization  layers  did  not  destruct.  "lATiN"  paste  partly  broke  into  powder. 

As  TiN-Mo  metallization  layer  was  strong  at  2073K, 
composition  dependency  of  pull  off  strength  was 
tested  (Fig.  3).  The  combination  of  TiN  and  Mo 

raised  the  pull  off  strength  more  than  only  Mo  or  ^  ^  ^  ^ 

only  TiN,  although  the  metallization  layer  was  _ ^ 

rather  porous  (Fig. 2).  The  average  pull  off 

strength  became  higher,  as  the  amount  of  TiN  IlHBHBlH 

increased  (except  lOOvol.%  TiN),  The  maximum  |^q 

adhesion  strength  was  13.4kg/2mm°  for  "14TiN"  paste.  _ _  _  _ _ 

Destruction  modes  were  different,  i.e.  "21TiN", 

"llTiN"  and  "12TiN"  paste  samples  were  destroyed 
in  AIN  substrates,  while  "14TiN"  paste  samples  were 
destroyed  in  both  AIN  substrates  and  in 
metallization  layer  (Fig.  3). 


2013  2073  2133 

Firing  temperature  (K) 

Temperature  dependency  of 
pull  strength  of  TiN-Mo 
pastes 


hi';. 


Table  2.  Destruction  mode  by  knife  scratch  test 


2)  IMo  :  ITiN 


Fifing  temp 

Past® 

2013 

2073 

2113 

Mo 

('  1 

(’  1 

('  1 

2Mo 

ITiN 

(2 

A  4 

A  4 

IMo 

ITiN 

(’2 

A  1 

A  1 

IMo 

2TiN 

112 

A  4 

A  4 

IMo 

3.8TiN 

('2 

A:1 

Ail 

TiN 

('2 

{’  2 

(*2 

3)  IMo  :  3.8TiN 


A  ••■alrong.  It  -fairlv  strong.  (’  •••w6»k 
I  •••delsmtnatod  between  metalliretion  l»v®f  substrate 

'1  •••powdery  destruction  in  the  liiyor 
;t  •••partly  powdery  destruction  in  the  layer 
1  •••no  destruction 


4)  TiN 

Fig.  2 ♦ 


SEM  photographs  of  cross 
section.U  view 
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The 


results  indicated  that  TiN-Mo  paste  was  the  best  for 


bcair^^^S  metallized  substrates. 

-  mechanism 

sintered  AIN  and  TiN  substances  were  hot  pressed,  they 
j-ed  CO  each  other.  When  "TiN”  paste  was  printed  on  AIN 

res  and  the  samples  were  fired,  AIN  and  TiN  also  adhered, 
results  clearly  indicated  that  TiN  was  one  of  the  essential 
cances  to  cause  AIN  ceramics  to  adhere  in  this  TiN-Mo 

£2at ion  method.  However,  the  adhesion  strength  was  only 
/2rom°  destroyed  in  metallization  layer.  Adding  Mo  to 

"TiN*'  resulted  in  adhesion  strength  being  much  improved, 

hough  "Mo"  paste  did  not  adhere  to  AIN.  Destruction  in  AIN 
bstrates  was  observed  in  TiN-Mo  paste  metallization  substrates. 

*  In  order  to  consider  the  effects  of  Mo  addition  and  the 
differences  in  destruction  modes,  shrinkage  measurements  for  TiN-Mo 
flixed  powders  were  carried  out  with  cold  pressed  compacts.  Five 
different  volume  ratio  TiN-Mo  powders  were  prepared,  i.e.  Mo  only 
(’’Mo"),  2Mo:lTiN  ("2iTiN"),  IMo:  ITiN  ("llTiN"),  lMo:2TiN  ("12TiN") 
and  TiN  only  ("TiN").  These  compacts  were  fired  at  1673,  1848,  1973 
and  2123K  under  a  nitrogen  atmospheric  pressure.  Fired  TiN-Mo 
compacts  were  determined  by  the  X-ray  diffraction  method. 

Three  characteristics  for  TiN-Mo  compacts  were  observed.  First, 
the  compacts  kept  their  original  shapes  after  sintering.  Second,  no 
TiN-Mo  compound  was  detected.  Mo  did  not  react  with  TiN.  Mo  was 
partly  changed  into  Mo2C.  Third,  regardless  of  the  TiN  contents, 
the  surface  of  the  compacts ,  including  TiN,  were  all  covered  with  TiN, 

TiN  also  covered  Mo  in  metallization  (Fig.  2).  Moreover,  when  cold 
compacts  of  a  mixture  of  AIN  and  TiN  powder  (weight  ratio  was 
AlN/TiN=l/4)  were  sintered,  the  compacts  kept  their  original  shapes 
and  no  TiN-AlN  compound  was  detected.  These  result  in  no  chemical 
reaction,  which  weaken  AIN  substrates  in  the  metallization  process. 

This  TiN-Mo  metallization  method  was  chemically  stable. 

Physical  conditions  should  be  investigated.  Temperature  dependency 
of  shrinkage  for  five  kinds  of  metallization  powder  compacts  is  shown 
in  Fig.  4.  "Mo"  compacts  shrunk  well.  Even  at  1673K,  its  shrinkage 
was  25.7%  (relative  density  was  75%).  On  the  contrary,  "TiN"  compacts 
and  TiN-Mo  mixed  compacts  shrunk  gradually  with  temperature 

increasing.  When  Mo  volume  ratio  in  powder  increased,  final 
shrinkage  became  large.  Mo  was  effective  to  shrink  the  compacts. 

Cold  compacts  shrinkage  properties  explain  different  destruction 
modes  in  the  pull  off  test.  These  results  can  be  interpreted  by 
residual  stress  in  AIN  substrates  after  metallizing.  When  pastes  were 
printed  on  the  substrates,  it  is  rather  difficult  to  shrink  at  freely 
like  cold  compacts.  Consequently,  the  richer  the  Mo  volume  was,  the 
more  the  compressive  stress  to  the  AIN  substrates  increased. 

Though  richer  Mo  weaken  the  AIN  substrates  strength  by 
compressive  stress,  an  appropriate  quantity  of  Mo,  i.e.  21  and  33 
vol.%  Mo,  tightens  the  metallization  layer  itself  and  strengthens  the 
mechanical  adhesion  strength,  without  damaging  AIN  substrates. 

A  fracture  mode  for  "TiN"  paste  was  in  the  metallization  layer, 
near  the  boundary  between  substrates  and  metallization  layer.  Though 
little  densif icat ion  of  "TiN"  compact  and  powdery  destruction  in  the 
knife  scratch  test  indicate  that  "TiN"  paste  was  not  strong,  the 
destruction  did  not  occur  on  the  metallization  layer  surface.  This 
means  that  Ni  plate  reinforced  the  metallization  layer. 

3.  Characteristics  of  metallized  substrates 

TiN-Mo  adhered  to  AIN  substrates  with  260W/m* K  thermal  conduc t ivi ty . 
Adhesion  strength  was  also  measured  for  the  TiN-Mo  metallized  AIN 
substrates  with  thermal  conductivities  of  70,  130,  170  and  200W/m*K. 

These  metallized  substrates  have  different  amounts  of  grain  boundary 
oxide  phases.  Sample  size  was  2.5x2. 5mm.  2.2mm  diameter  nail  headed 
pins  were  used  in  the  pull  off  test.  Average  strengths  were  30.6kg, 
24.2kg,  28.7kg  and  26.5kg  for  the  respective  metallized  substrates. 
Therefore,  this  TiN-Mo  method  was  found  to  be  applicable  to  AIN 
substrates  for  thermal  conductivity  70-260W/m'K. 

After  thermal  cycle  test  (TCT)  (MIL-STD-883C-1010. 2  condition 
D;-65*C  (30min)-RT  (5min)-200 *C  (30mln)  for  100  cycles),  adhesion  strength 
for  samples  which  had  200W/m*K  thermal  conductivity  was  measured 
(Fig.  5).  Adhesion  strength  after  TCT  maintained  its  initial  value 
(25-27kg). 

In  addition  to  higher  adhesion  strength,  metallized  substrates 
require  a  smooth  surface,  high  die  bondability,  strong  wire  bondability, 
low  burr  height,  high  electrical  resistivity  and  high  breakdown  voltage, 
ble  2  shows  the  evaluation  results  for  heat  sinks. 
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Fig,  4  Temperature  dependency  of 
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Fig.  5.  Thermal  cycle  dependency 
of  pull  strength 
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Rffsiilt 

Surface  roughness  I'lm) 

Rm;n  6j(fT> 
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Die  bonriribility 

Au/Si,  Au/Gc  673K  N; 
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eaceMent 

Blistering 
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Al  50)im  OIA, 
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Burr  height  (/iml 

■  2/irn 
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Electrical  resi'Hivity  ('..'•cm) 
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DC 
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14-15 
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TiN-Mo  mctallijation  with  Nt/Aii  plating 
Thermal  condurtivity  is  200  W/m-K 


20x  microscope.  The 


(1)  Surface  rougtiiiess  (RmaxJ  w.i^  6;-m  and  below,  while  Taiile  I.  Metallized  AIN  suhstr^te 

that:  tor  original  substrates  be  fh)re  metallization 

was  4-3//IT1. 

(2)  Semiconductor  die  bonding  properties  we  re  exami nod , 
using  2mm  x  2mm  size  samples.  Silicon  chips  and 
substrates  were  scrubbed  against  each  other.  They 
were  removed,  while  the  solder  was  melting  and  were 
observed  und.^r  2Qx  microscope.  Au-Si  and  Au-Ge 
solders  were  used  in  a  nitrogen  atmosphere  at  673K, 
and  Sn**Sb  and  Sn-Pb  solders  were  used  in  air  at 
503K.  Excellent  solde rab i 1 i L y  was  provided  for  all 
the  solders.  Adhesion  strength  between  Ni  plated 
layer  and  Au  plated  layer  was  strong  enough  to 
achieve  wire  bonding  after  being  soldered. 

(3)  No  blistering  was  observed  when  the  substrates 
heated  up  to  673K. 

(A)  Wire  pull  off  strength  ranged  from  20g  to  30g, 

(50ym)  was  bonded  by  ultrasonic  (US)  bonder. 

(5)  No  burr  height  at  the  edges  was  observed  under 
height  was  less  than  2m» 

(6)  Electrical  resistivity  was  over  10  W-cra. 

(7)  Breakdown  voltage  was  over  14kV/mm  (DC)  for  1.5~7mm  sejuare 
metallized  substrates. 

4.  Application  for  RF  power  transistors 

The  AIN  metallized  substrates  were  applied  to  a  heat  sink  for  RF 
power  transistors.  Thermal  conductivity  for  AIN  substrates  was  200W/m* 

K,  while  that  for  BeO  was  about  250W/m-K.  The  sample  size  was 
differently  designed,  between  AIN  and  BeO,  in  order  to  make  thermal 
dissipation  close.  The  thickness  of  metallized  AIN  heat  sinks  was 
0.35mm,  while  that  for  99.5%  BeO  was  G.6mm.  Molded  final  products  for 
RF  power  transistors  are  shown  in  Fig.  6.  Assembling  transistors  with 
AIN  heat  sinks  was  successfully  carried  out,  as  metallized  AIN 
substrates  had  a  smooth  surface,  an  easily  wettable  surface  with^ 
solders,  a  strong  wire  pull  off  strength  and  almost  zero  bun  height,  as 
p.reviously  described.  Thermal  resistance  for  botli  transistors  was 
measured  by  AVhf  method.  Figure  7  shows  that  transistors  mounted  on 
AIN  heat  sinks  had  slightly  higher  thermal  resistance  than  those  on  BeO. 

It  also  shows  the  constancy  of  thermal  resistance  after  TCT,  m  ..  p 

Load  mismatch  capability  was  measured  by  two  tone  ( 28 .  OOOMllz/28 .  OOlMHz )  load  pull  test.  That  for 
the  transistor  mounted  on  AIN  heat  sinks  was  19V,  while  that  on  BeO  was  18V.  „  „  u  .  ■  i 

These  results  indicate  that  TiN-Mo  metallized  AIN  heat,  sinks  are  able  to  replace  BeO  heat  sinks. 


§ 

u 


!0  AIN 

(n  =  50~fl0) 
'•  BeO 

;  (fiTtisi 


4^ 


Fig. 


0  40  100 

Thermal  cycle  number  (cycle) 

7  Heat  cycle  dependency  of 
thermal  resistance  of 
t  rans istor 


f h^Ti'S  adhered  to  AIN  substrates  (260W/m.K)  with  no  grain  boundary  phases,  by  printing  method.  Its 
average  adhesion  strength  was  13.4kg/2mm°. 

(2)  TLN  adhered  to  AIN  grain  directly,  although  its  metallization  layer  strength  was  weak.  Mo  improved 

the  metallization  layer  strength  and  adhesion  strength  was  also  improved.  ^  ^im 

(3)  As  AIN,  TIN  and  Mo  did  not  react  to  one  another,  there  was  no  chemical  reaction  which  weakene  / 

substrates  in  the  metallization.  .  Vx 

(4)  Destruction  in  AIN  substrates  was  caused  by  residual  stress,  which  occured  in  AIN  substrate,  when  Mo 

shrunk  in  the  metallization  layer. 

(5)  Ni/Au  plating  reinforced  the  metallization  layer  strength.  •  u  j 

(6)  TiN-Mo  method  was  applicable  to  any  kinds  of  AIN  substrates,  which  had 

oxide  phases  and  thermal  conductivities.  Adhesion  strength  was  unchanged  after  thc.mal 

(7)  AIN  heat  sinks  had  a  smooth  surface,  an  easily  wettable  surface,  a  strong  wire  pull  off  strength 

(8)  TherraIl’'resiJt3L-e''S'ioad  mismatch  capability  for  a  transistor  with  AIN  heat  sinks  were  close  to 

(9.)  S-M^ ::t;uiz:d  !;trs:S:;tes  were  found  to  be  able  to  repalce  BeO  substrates  as  the  heat  sinks 
for  semiconductor  devices. 
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AUTOMAT  XON  OF'  X.SI  M  AINTUF  ACT  UR  I  NG 


Junji  Iwasaki 


Kitaitaini  Works,  Mitsubishi  Electric  Corp 


^  •anufacturing  has  been  in  progress,  lainly  for  the  purpose  of  its 
productivity  increase,  owing  to  the  automation  of  an  individual  production  equinment  th! 
development  and  use  of  the  production  management  system,  and  the  intgreation  of  -"uinU 

r,'.'-  ■" 

““''*"8  Steadily  ahead  with  the  automation  in  LSI  manufacturing  and  we 

aZ.at  „‘"f  More  specifically,  we  achieved  already  a  perfect 

autotation  for  the  production  of  DRANs  and  ASICs  ^  ^  rtect 

Of  LSI  manufacturing  is  introduced,  picking  up  several 
aspects  of  the  autoaation  in  our  LSI  lanuf ac turing  factories.  ^  ^  several 


Introduct i on 


L*  ^  Features  of  LSI  Manufacturing 


LSI  manufacturing  is  roughly  divided  into  the  following  three  processes,  as 

1)  Wafer  Fabrication 

2)  Asseably 

3)  Final  Testing 


illustrated  in  Fig. I . 


ildustri^L  following  unique  features  which  are  unlike  those  in  other 


1) 

2) 

3) 

4) 
of 


The  technology  and  products  change  very  fast. 

The  production  equipaents  are  very  unreliable,  and 

The  investient  in  production  equipaents  is  huge  and 

The  manufacturing  line  consists  of  wide  variety  of 
venders . 


the  process  capability  is  very  low. 
■ust  be  redeemed  quickly, 
equipments  supplied  by  wide  variety 


5)  Super  clean  environment  is  needed 


6)  Especially  in  the  wafer  fabrication,  the  work  passes  many 
processes  and  through  the  similer  or  same  equipments. 


times 


through  similer 


j.  2  Expected  benefits  by  automation 

Like  other  industries,  automation  of  LSI  manufacturing  also  has  made  progress  due  to  mainlv  ire 


I)  The  yield 
human  factors, 
etc . 


and  quality  of  LSI  chips  become  higher  and  stable 
namely,  contamination  from  personnel,  mis-operat i on 


because 
due  to 


of  eliminating 
human  workers, 


2)  The  very  complicated  production  management  is  simplified 
arge  variety,  small  volume  products  like  semi-custom  ICs. 


in  the  manufacturing 


line  for 


3)  More  precise  control  of  the  production  equipments  and  the 
achieved  by  using,  for  example,  feed  back/feed  forward  system. 


process 


cond i t ions 


can 


be 


4) 

5) 


The  lead  time  becomes 
The  number  of  workers 


shorter  and  the  work-in-process 
is  decreased. 


decreases . 
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.  A  sp  c  (•  t  s  0 1  t  h  r  a  u^t  o  B  a  t  ion  in  our  l.S  !  •  aanu  f  ac  t  ur  i  ng  I  me 

We  constructed  already  the  totally  auloiated  lines  for  the  production  of  DRA^Is  and  ASICs.  We  have 
obtained  satisfactory  results  in  the  autoaation.  In  this  section,  several  aspects  of  the  autoiation 
of  the  wafer  fabrication  in  our  line  are  described. 

Fig. 2  shows  an  exaiple  of  a  layout  of  our  autoiated  wafer  fabrication  line  based  on  the  open  space 
clean-rooB.  The  open  space  clean-rooB  is  the  clean-space  structure  in  which  equipBents,  work-in- 
process  and  personnel  coexist.  The  transport  systcB  consists  of  autOBated  guided  vehicles  (ACV) 
running  on  a  "aain  street"  at  the  center  of  the  line,  Boving  robots  running  in  perpendicular  to  the 
"aain  street",  and  branch  stations  which  transfer  works  between  the  ACV  and  the  Boving  robot.  A 
siailar  kind  of  equipBents  is  gathered  and  placed  along  a  route  on  which  a  Boving  robot  runs,  and 
the  BOving  robot  carries  wafer  cassetts  between  the  branch  station  and  1  oaders/un 1 oaders  of 
equipBents.  The  branch  station  stores  soBe  aaount  of  works  for  adjusting  work- in-process  or 
rearranges  batches  of  works. 

The  production  equipaent,  the  ACV,  and  the  Boving  robot  in  our  line  are  given  in  Bore  details 
below.  In  addition  to  thea,  IC  card  is  also  aentioned,  which  is  applied  for  our  line  as  the  tool 
which  helps  the  coabination  of  an  autoaated  systea  and  huaans. 

2  .1  Equipaent 

Autoaation  of  equipaent  is  attained,  roughly  speaking,  by  the  autoaation  of  wafer-handling  between 
equipaent  and  transport,  and  by  the  autoaation  of  equipaent  control,  as  illustrated  in  Fig. 3. 

In  the  autoaation  of  wafer-handling,  since  aost  equipaents  for  wafer  fabrication  have  already  been 
autoaated  in  the  cassett-to-cassette  Banner  and  the  cassette  was  standardized,  no  aajor  problea 
exists.  However,  the  aanuf actur ing  line  consists  of  wide  variety  of  equipaents,  so  we  drew  up  the 
specification  of  1 oader/un loader  of  equipaent  and  standardized  it  in  our  line  as  the  aechnical 
interface  between  transport  and  equipaent. 

The  autoaation  of  equipaent  control  is  realized  by  providing  each  equipaent  with  our  original 
coBBun icat ion  interface  protocol  between  host  coaputer  and  individual  equipaent,  which  was  developed 
in  accordance  with  SECS  (Seai conductor  Equipaent  Coaaun i cat i on  Standard).  In  accordance  with  our 
original  protocol,  the  host  coaputer  gives  the  equipaent  such  inforaation  as  process  recipes,  reaote 
start,  and  so  on.  Responding  to  the  instruction  of  the  host  coaputer,  the  equipaent  sends  the 
aessages  which  aean  process  start,  process  end,  and  so  on. 

2.2  Autoaatic  guided  vehicle 

The  saae  kind  of  equipaents  is  gathered  and  placed  in  the  saae  fabrication  area  for  the  purpose  of 
flexibility  for  change  in  variety  and  voluae  of  products.  The  transport  between  these  areas, 
generally,  has  a  long  and  coaplicated  route.  So  we  newly  developed  the  transport  systea  which 
consists  of  autoaatic  guided  vehicles.  This^  ACV  can  carry  wafer  cassetts  in  all  direction  guided  by 
floor  tape  recognized  by  ITV. 

This  control  systea  is  illustrated  in  Fig. 4.  The  AGVs  arc  controlled  by  coaaunicat ing  to  the 
traffic  control  CPU  through  coaaun icat ion  loop  and  coaaun icat ion  terainals  which  are  equipped  with 
each  station  of  the  ACV.  The  traffic  control  CPU  puts  inforaation  including  source,  destination,  and 
its  route  (in  teras  of  aark  sequence  recognized  by  ITV)  for  the  ACV  on  the  coaaun  icat  i  on  loop.  The 
ACV  receives  instruction  froa  the  coaaunicat ion  terainal  and  then  aoves  to  the  destination  taking 
the  indicated  path.  The  traffic  control  CPU  is  also  controlled  by  host  CPU.  Therfore  this  transport 
systea  is  included  in  the  total  autoaation  systea. 

This  transport  systea  has  the  following  features. 

1)  It  is  suitable  for  super  clean  environaent  (class  10) 

2)  Its  ACV  can  aovc  in  all  direction,  which  can  save  the  space  of  the  transport  route. 

3)  It  can  operate  for  24  hours  without  any  interruption  due  to  exchanging  battery 
aut oaat ical ly . 

4)  Its  ACV  aoves  guided  by  floor  tape  recognized  by  ITV,  therfore,  it  is  easy  to  set  up 
and  relayout  this  systea. 

The  ACV  is  shown  in  Fig. 5  and  its  spec i feat  ions  are  indicated  in  Table  1. 

2.3  Moving  robot 

The  transport  between  equipaents  has  a  coaparat ive ly  short  and  straight  route,  but  it  aust  load  and 
unload  a  wafer  cassette  precisely  and  quickly,  so  we  also  newly  developed  the  transport  systea  which 
consists  of  aoving  robots.  This  robot  is  roughly  divided  into  two  section,  aanipulator  and  vehicle. 
Manipulator  is  a  five  axis  horizontal  joint  robot,  and  vehicle  has  rail-guided  structure  and  power 
is  fed  through  cable. 

This  control  systea  is  illustrated  in  Fig. 6.  The  traffic  control  CPU  gives  inforaation  about 
aoveaents  to  the  robot,  in  accordance  with  the  instruction  of  the  host  CPU. 

This  transport  systea  has  the  following  features. 

1)  It  is  suitable  for  super  clean  environaent  (class  10). 

2)  Its  robot  perforas  precisely  and  quickly  due  to  rail-guided  structure  and  servo- 
control  . 

3)  It  has  large  service  area  (the  Baxiaua  length  of  route  :  20b,  the  Baxiaua  nuaber  of 
teaching  points  :  800  points). 
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The  loving  robot 
2.4  IC  card 


is  shown  in  Fig. 7  and  its  specifications  are 


indicated  in  Table  2. 


auto«ti?n%s'Vo"VlwoysTho  "so?uH o“„"  Lut  V.ost the  total 

systei  and  huians  soietiies  lore  closely  addresses  this  nn  of  an  autoiated 

tr "  .:;f Cr:i' ”\F  f  ,.• 

B, "r",. .s  ;:';:rL.7"  r. 

3.  Suiiary 

1)  Cleaness  was  extre.ely  i.proved  both  locally  and  in  the  entire  clean  roo.. 

2)  The  nu.ber  of  workers  decreased  to  less  than  a  half  of  that  of  our  conventional  line. 

3)  Defects  on  the  wafer  caused  by  .anual  handling  were  greatly  elininated. 

4)  Process  data  showed  very  tight  distribution  about  the  lean. 

nunber  of  lots  rejected  due  to  nis-operat ion  by  workers  extrenely  decreased. 

These  results  brought  about  the  high  and  stable  yield  and  quality  of  the  products. 
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Tab.l  Speci f ications  of 

automatic  guided  vehicle  (AGV) 


Jrab.2 


Speci f ications  of  moving  robot 


Item 

Specification 

Payload 

eokg 

Speed  forward 
lateral 

0 . 6  m/s 
0.25m/s 

Acceleration 

0.04G 

Positioning 

repeatability 

±5  mm 

Guiding  System 

Tape  recognition 

Battery  exchange 
interval (automatic) 

1  Shours 

Communication  with 
external  device 

Laser  communication 

Steering 

Four  Wheel  speed 
def f erential 

Safety  device 

Mechanical  bumper 
Warnig  chime 

Physical  dimention 
Weight 

1  200x750jf580  mm 

1  20  kg 

I  tem 

Specification 

Dgree  ot  freedom 

5  axis(0l,02,03,04,  Z) 

Manipulator 

vehicle 

1  axis(M) 

Payload 

3  kg 

Speed 

01 

90 

02 

1  2i 

03 

1  77 

04 

1  00 

Z 

300  rara/s 

M 

1  m/ s 

Positioning 

±1  ram 

repeatability 

Working  envelope 

01 

270 

02 

+  135 

03 

+  1  80 

04 

1  00 

Z 

480  mm 

M 

2  m 

Driving  system 

All  electrical 

DC  servo 

Gripper  control 

Torque  controlled 

Safety  device 

Mechanical  bumper 
Light  beam  switt^h 
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AM  INTEGRATED  INFORMATION  SYSTEM  FOR  AW  ELECTRONIC  DEVICES  PRODUCTION 


Hiroto  Kimura 


NEC  Corporation 


Accurate  and  speedy  transfer  of  information  is  absolutely  necessary  if  a  business  is  to  survive  the  intense 
competition  of  today’s  aarketplace.  Such  needs  can  be  net  by  a  Computer  Integrated  Manufacturing  Systea(CIMS) 
which  augments  human  activities  in  all  stages  of  production,  from  the  receipt  of  an  order  through  the 
designing  and  finally  supplying  the  products. 

We  develop  a  comprehensive  production  information  system  called  SFC  (for  Shop  Floor  Control).  SFC  is  an 
important  component  of  CIMS,  SFC  was  developed  to  monitor  and  verify  production  information  and  to  collect  on 
a  real-time  basis  such  data  as  output  volume,  work- in-process,  machine  operating  conditions,  quality  and 
costs. 

1.  INTRODUCTION 

In  today's  cutthroat  business  market,  it  is  strategically  important  for  a  company  to  accurately  understand 
market  needs  and  to  make  new  and  trendy  products.  The  company's  life  depends  on  the  quick  response  in 
developing  and  supplying  products. 

With  this  in  mind,  a  comprehensive  production  information  control  system  such  as  CIMS  is  clearly  needed  for 
speeding  the  flow  of  materials,  products  and  information.  We  have  technology  centers  in  addition  to  system 
assembly  plants  and  an  electronic  devices  production  factory.  Each  of  these  organization  would  like  to  speed 
up  business  decision-making,  increase  the  effectiveness  of  management,  respond  quickly  to  changes  and 
synchronize  all  production  activities.  The  flow  of  products,  materials  andinformation,  whether  handled 
separately  or  as  a  unit,  is  expected  to  proceed  quickly  and  reliably. 


2.  THE  CONCEPT  OF  CIMS 
2-1  Definition  of  CIMS 


We  define  CIMS  as  "a  comprehensive  production  system  using  the  technologies  of  C&C  (Computers  and  Comunicat- 
lons)  and  FA  (Factory  Automation)  to  integrate  ail  aspects  of  production  management,  from  the  receipt  of  an 
order  to  the  design,  manufacture  and  delivery  of  products.  > 


2-2  Concept  of  the  CIMS 
We  have  three  themes  for  realizing  the  CIMS: 

(1)  We  must  thoroughly  rationalize  the  production  system  before  the  EDP  approach.  Automation  does  not  equal 
rationalization.  An  EDP  system  alone  cannot  rationalize  that  which  is  irrational. 

(2)  Hierarchical  division  of  functions 

Company  organization  follows  a  hierarchical  order.  Responsibilities  are  distributed  hierarchically  due 

to  individual  limitations  in  the  handling  of  data.  The  same  applies  to  computer  systems.  Functions 

hierarchically  for  simplicity.  (Fig.  1)  We  consider  three  hierarchys:  DIVISION  CIMS. 

rALlOKY  CIMS,  SFC. 

(3)  Loosely  coupled  integration 

When  systems  are  integrated  but  divided  hierarchical ly,  the  systems  must  be  interconnected  through  one 
simple  interface.  The  goals  are  to  avoid  adverse  effects  on  the  system  when  accidents  occur  and  to  alIo» 
changes  to  be  made  easily  as  the  system  grows. 


3.  THE  CONCEPT  OF  SFC 
3-1  Definition  of  SFC 

SFC  is  one  element  of  the  FACTORY  CIMS.  SFC  controls  various  types  of  information  in  the  production  section, 
synchronizes  materials  and  information  and  reduces  the  amount  of  indirect  labor. 

3-2  Basic  model  of  SFC 

Management  of  production  lines  is  affected  by  many  factors:  differences  of  materials,  assembly  and  handling, 
the  physical  construction  of  the  lines,  bottleneck  points,  the  development  of  shop  control  over  the  years  and 
even  the  shop  supervisor's  personality,  to  name  only  a  few.  We  have  defined  the  following  two  basic  models  of 
SFC  according  to  ideal  methods  of  management  and  actual  usage  in  other  factories. 

(1)  RELATIONAL  SFC 

Product  flow  is  influenced  by  relationships  in  the  material  tree  structure.  In  every  work  center  and 
production  line,  worker  productivity  is  determined  by  the  output  of  other  lines.  It  is  necessary  to  make 
precise  scheduling  in  oder  to  synchronize  the  outputs  of  all  work  centers.  This  is  the  p lanniog-type  SFC. 
The  system  assembly  plants  are  this  type. 

(2)  NON-RELATIONAL  SFC 

Flow  of  products  is  simple  and  strai tf orward,  because  the  structure  of  the  material  tree  is  also  simple. 
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Fig.  1  Hierachcal  Function  Division 
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Fig.  2-1  System  Configuration 
(Hardware) 


The  purpose  of  NON-RELATIONAL  SFC  is  to  laintain  production  voluie  with  the  laxiiua  use  of  resources  In 
this  case,  it  is  lost  iaportant  to  obtain  accurate  infcraation  about  output,  work-in-process,  etc.  is 
is  an  achieveient-gather i ng  type  of  SFC  with  real-time  aonitoring.  The  technology  centers  and  .  e 
electronic  devices  production  factories  are  this  type. 

These  two  basic  patterns  of  SFC  allow  efficient  development  with  applications  for  any  systei.  I  introduce 
the  exanple  of  NON-RELATIONAL  SFC. 


4.  THE  BUILDING  OF  SFC  IN  DEVICES  PRODUCTION  TYPE  LINES 

4-1  Characteristics  of  the  devices  production  type  lines  .  .  j  tAwarrf 

In  these  production  lines,  the  SFC  systea  is  the  core  of  the  FACTORY  CIM5  and  is  considered  as  a  $  ep 
a  total  CIMS.  We  have  various  production  lines,  each  with  a  different  aethod  of  asseably  but  with  essen  la  y 
the  sale  type  of  lanageaent.  The  characteristics  of  the  line  are  as  follows: 

(1)  The  structure  of  aaterial  tree  and  the  production  flow  are  siaplc. 

(2)  Production  planning  concentrates  on  input  voluae  with  regard  to  the  workload.  ...  ^ 

(3)  Production  activities  focus  on  the  optiaua  use  of  resources  (workers,  aachines.  etc.)  and  ehainition  o 
defects. 

(4)  The  key  points  of  shop  aanageaent  are  to  accurately  account  for  products  and  aaterials  and  to  aa'e  sur 
that  input  aaterials  are  free  of  defects. 


4-2  The  concept  of  the  NON-RELATIONAL  SFC  systea  dcvclopaent  •  i  a 

It  was  developed  with  the  concept  that  production  inforaation  should  be  easily  accessible  anytiac  an 

where*.  The  following  three  points  arc  iaportant  for  realizing  this  concept: 

(1)  Bar-code  labels  for  easy  inputting  of  data  for  synchronizing  products  and  inforaation. 

(2)  Use  of  network  technology  for  on-line  data  processing  in  real  tiae,  all  day  long. 

(3)  The  use  of  terainals  for  paperless  aanageaent.  (When  we  do  use  paper,  it  is  done  in  a  cons  rue  i 

■anner. ) 

4-3  Systea  configuration  (Fig.  2) 

4-4  Main  functions 

(1)  Data  input  for  workers  ^  h  it  the 

Every  worker  records  the  quantitiy  (including  defects)  at  every  work  center  at  the  beginning  an 

end  of  each  job.  (Fig.  3) 

Every  worker  records  the  work  tiae  just  before  going  hoae. 

(2)  Collecting  data  autoaatical ly 

Data  for  aachlne  operating  conditions  and  stop  itcas  can  be  gathered  autoaatical ly. 
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Fig.  2-2  System  Configurateion 
(Function) 


(3)  Out  put  voluie  reports  (Fig.  4) 

This  is  an  input/output  curve,  which  shows  the  defference  between  the  plan  and  the  actual  results. 

(4)  Defect  reports  (Fig.  5)  ^  , 

the  P-chart  and  Pareto  chart  are  used  for  identifying  problets. 

(5)  Word-in-process  reports  (Fig.  6) 

Work-in-process  information  for  every  work  center  can  be  obtained  promptly.  The  data  can  be  used  for 
job  planning  at  the  next  work  center. 

(6)  Progress  reports  (Fig. 7) 

The  progress  of  an  order  can  be  monitored.  Such  data  can  be  used  to  predict  the  delivery  date. 

(7)  Machine  operating  condition  reports  (Fig.  8) 

Machine  operating  conditions  and  accidental  stop  items  can  be  observed.  This  provides  for  prevention  of 
product  defect  and  better  utilization  of  machines. 

(8)  Work  load  reports  (Fig.  9) 

Work  load  data  can  be  observed. 

4-4  Effects 

The  effects  of  the  SFC  system  are  as  follows: 

(1)  Real-time  production  information  can  be  obtained  quickly,  so  that  forecasts  can  be  made  more  accurate, 

(2)  Problems  and  points  of  improvement  for  each  work  center  are  made  clearer. 

(3)  Evaluation  of  alternatives  is  easier.  Feedback  response  is  quicker. 

(4)  Many  kinds  of  report  papers  are  generated  automatically,  which  can  save  much  time. 

All  th.is  results  in  more  aggressive  improvement  activities  for  the  workers.  Other  good  effects  include 
quality  improvement,  reduction  of  lead  time,  inventory  savings  and  better  utilization. 


5.  Future 

NON-RELATIONAL  SFC  has  already  been  developed.  I  have  some  suggestions  for  building  a  CIMS  for  the 
development  of  manufacturing  and  management. 

(1)  Optimization  of  work-sharing  by  humans  and  computers.  Humans  and  computers  each  have  their  own  strengths 

/■^\  Human  intelligence  can  not  be  developed  if  it  relies  too  heavily  on  computers. 

{2}  Qualitative  data  must  be  converted  to  quantitative  data  carefully  and  thoughtfully  if  it  is  to  be 
processed  by  computer.  Otherwise,  the  vast  amount  of  data  that  would  be  would  require  a  large  computer 

to  process  it. 

should  be  provided  for  decision  making.  It  is  important  to  select  only  the  necessary  data. 

Although  CIMS  means  computer  integration,  its  success  depends  on  its  use  by  everyone  in  the  company.  What 
do  humans  find  confusing?  What  kind  of  work  does  the  computer  do  best?  What  satisfies  everyone,  both  workers 
and  managers?  The  sensibilities  of  systems  engineers  should  have  a  greater  part  in  the  building  of  CIMS. 

That  is,  CIMS  of  humans,  by  humans,  and  for  humans. 
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Fig.  4  Output  Volume  Reports 
(Input/Output  Curve) 
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Fig.  5-2  Defects  Reports 
(P-Chart) 
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Fig.  6  Work- in-process  Reports 
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VARIATION  OF  ACOUSTIC  IMPEDANCE  CAUSED 
BY  A  CUT  IN  ULTRASONIC  TRANSDUCERS 


K.  Watanabe,  A.  licla,  F.  Namiki,  K.  Kawabe,  and  T.  Shimura 

^  Fujitsu  Laboratories  Ltd. 

1015,  Kamikodanaka  Nakahara-ku,  Kawasaki,  211,  Japan 


Abstract 

tr.^s^u'irrr.cklns"''’"  o 

The  ultrasonic  transducer  consists  of  piezoelectric  ceramic  and  backing  and  matchinir  l«vcr« 
n  array  ransducer  is  made  by  sawing  the  piezoelectric  ceramic  into  array  elements. 

devised  a  way  to  measure  the  acoustic  impedance  of  the  sawed  part  of  the  backing  The 
method  uses  the  reflection  coefficient  spectrum  at  the  surface  of  the  sawed  backing  The  mea'suT^d 
■7ctrmedM''t  5.33xl06kg/m2s  and  that  of  the  solid  part  was  6.35xlorSs 

«cterf<f7/'’7'^®  calculate  the  array  transducer's  electro-acoustic  conversion  char¬ 

acteristics  with  computer  simulation  accounting  for  the  effect  of  the  sawed  part  of  the  backing. 


1.  Introduction 

driven  independently,  without  acoustic  cross-coupling  between  elemeSl). 

r  :£S 

of  the  sawed  part  because  of  its  minute  form  ^  ’  *  difficult  to  obtain  the  velocity 

the  impedance  of  the  sawed  part  of  the  backing.  ^  ^  transducer  by  considering 


2*  Impedance  of  backing 

Acoustic  impedance  Z  is  the  product  of  density 
0  and  acoustic  velocity  c.  Density  p  is  the  ratio 
of  mass  to  volume,  so  acoustic  impedance  Z  can  be 
calculated  from  acoustic  velocity  c.  Generally 
the  velocity  c  of  an  object  more  than  several 
millimeters  thick,  like  the  solid  part  of  the  backing, 
is  calculated  from  the  ultrasonic  echo  delay  Ai 
and  its  thickness  d  (Fig.  2a)  using 

c  =  2d/ (I) 

However,  for  objects  thinner  than  one  millimeter 
like  the  sawed  part  of  the  backing,  it  is  difficult 
to  obtain  its  velocity  from  the  ultrasonic  echo 
delay  because  of  their  overlapping  (Fig.  2b). 
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d  >  I  rn  in 


A  t 

^ 


d  <  1  in  in 

"HK 


A  t  ? 


(a)  Thick  object 

Fig.  2  Measuring  velocity 


(b)  Thin  object 


We  devised  a  way  to  measure  the  acoustic  velocity  of  a  thin  object. 


For  a  layer  S  between  two  acoustic  media  A  and  B  ^Fig.  3),  the  relation  between  the  force  F 
and  the  displacement  velocity  u  in  each  medium  is  given  by  the  transmission  line  equation 


and 


Zs 


COS(  yd) 
sin^  yd) 


r  =  2^r//c 


j  Zs  sin(  r  d>  I  f  -^6  ‘ 
cos(rd)  J  L  ^6  _ 


where 

Fa  =  force  in  the  medium  A 
Fi  =  force  in  the  medium  B 
Ua  -  displacement  velocity  in  the  medium  A 
=  displacement  velocity  in  the  medium  B 


(2> 


(3) 


Zs  =  impedance  of  the  layer  S’ 
d  =  thicness  of  the  layer  S 
c  =  acoustic  velocity  of  the  layer  S’ 
/  =  frequency 


The  acoustic  impedance  Zb  of  the  medium  B  is  given 

by 


^6  =  -  (4) 

So  from  Eq.  (2)  and  Eq.  (4^  the  acoustic  impedance 
Zb'  of  the  medium  A  to  the  medium  B  through  the 
layer  S  is  given  by 

Zh'  -  Zs  yd)  ^  j  Zs  sin(  yd) 

Ua  Zs  cos(  y  d)  +  j  Zb  s[r)(  y  d) 

1  +  m  y  d 

■  - 

1  -  m  y  d 


where 
m  = 


Zb-Zs 

Zb^Zs 


(6) 


The  reflection  coefficient  f  at  the  interface  of  the  medium  A  and  the  layer  S’  Is  given  by 

^  Zb'-Za 
^  ~  Z6'+Za 

SO  from  Eq.  (5),  we  get 

p  -  ^  rn{Zs+Za)e“j^  r  d 

(Zs^Za)  ^  m{Zs-Za)e-j'^rd 

m'  +  m  e"j2  y  d 
\ mm' r  d 


where 

,  Zs-Za 

m'  - - 

Zs*Za 


(9> 


Thorefopo.  tho  absolute  value  of  tho  rofleotion  coefficient  H  I  ,s  given  by 

IPI .  *  2mm'  cos<2 rd) 

V (l^m2m'2)  +  2mm’  Qos{2rd) 

The  reflection  coefficient  iri  is  periodic  and  has  a  maximum  or  minimum  at 
ns 

^  ~  ~^d  ^  "  integer 

as  shown  in  Table  1. 


(10) 


(11) 


Table  1  Reflection  coefficient 


mm’>0 

1  r 

mar  = 

1  m  +  m’ 

1  1  +  mm’ 

atr=?iii^ 

'  2d 

r  Zs'fZa  and  Zb^Zs  'i 

L  Zs<Za.  and  Zb<Zs  J 

1  ^ 

1  min  = 

1  m  -  m’ 

1  1  -  mm' 

at  r  =<2k-l)* 

^  2d 

(k  =  integer) 

mm'<0 

r 

max  =  1 

m  -  m’  j 
1  -  mm’  1 

»t  2k,t 

at  r  ~ 

r  Zs<Za  and  Zh>Zs  ^ 

L  Zs>Za  and  Zb<Zs  J 

r 

min  =  j 

m  +  m’ 

1  +  mm' 

at  r 

^  2d 

(k  =  integer) 

„e  dsfin,  i,  th.  refuc,™  ooemol.n,  in  I, 


At  =  It  ^ 

fir  we*^*get  frequency  interval  A/,  from  Eq. 

A  r  ~  ~  71  J^f/c  (13) 

Then  from  Eq.  (12)  and  Eq.  (13),  we  get 

c  =  2dA/  ^(4) 

Therefore,  acoustic  velocity  c  of  the  layer  S’ 

frequency  interval  A/  and 
the  thickness  d  of  the  layer* 

»i,  fhe  velocity  of  the  sawed  part  of 

samples  of  it  on  stainless 
steel  (Fig.  4)  and  observed  its  ultrasonic  echo 
spectrum  with  the  measurement  setup  in  Fiff  5 
The  echo  spectrum  had  many  dips  with  a  constant 
frequency  interval  A/  because  of  the  reflection 
coefficient  at  the  surface  of  the  sample  given  by 
Eq.  (9).  We  measured  the  frequency  interval  A/  at 
several  thicknesses  d,  and  calculated  the  velocity 

Liniit’^^r  'I'he  measured 

velocity  for  each  thickness  is  shown  in  Fig.  6.  The 

velocity  is  nearly  constant  between  0.1  nri  to  0  6 
.t  2S70  m/s  The  veloel,,  e(  ,h.  solid  b.ek“4 
9RQn  conventional  techniques,  it  was 

-690  m/s.  Table  2  shows  the  acoustic  impedance  of 
each  part  of  the  backing  as  calculated  with  its 
density  p  and  velocity  c. 

The  results  show  that  the  impedance  of  the 
sawed  part  is  less  than  that  of  the  solid  backing 
velocity  sawed  part's  decreased  acoustic 


(12) 


Fig.  4  Sample  for  sawed  part  of  backing 


Fig.  5  System  for  measuring  velocity 
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Acoustic  velocity  c  (m/s) 


2500 


2400h 


2300  h 


2200< 


'0  0.1  0.2  0.3  0.4  0.5 

Thickness  of  sawed  part  d 


Table  2  Impedance  of  backing 


Backing 

Sample 

Density 
(Xli’  k5/i>  ) 

Ve  loc i ty 
(m/s) 

Impedance 
(Xll‘  k3/i's) 

Sol  id 

2.36 

2690 

6.35 

Sawed 

2.36 

2370 

5.33 

Fig.  6  Velocity  of  sawed  part  of  backing 


3.  Characteristics  of  array  transducer 

From  these  results,  we  conclude  that  the  sawed  part  of  the  backing  acts  as  a  pseiidolayer 
between  the  piezoelectric  ceramic  and  the  backing  in  an  array  transducer  ^Fig.  7>  because  its 
impedance  is  lower  than  that  of  the  backing. 

To  confirm  this,  we  compared  a  simulation  and  an  experiment  of  the  array  transducer’s 
electro-acoustic  conversion  characteristics(2).  The  simulated  two-way  gain  spectrum  aaeountlng  for 
the  effect  of  the  sawed  part  of  the  backing  (the  solid  line  in  Fig.  8)  is  in  excellent  agreement  with 
the  measured  two-way  gain  spectrum  (the  circles). 


Matching 

layer 

Piezoelectric  ^ 
ceramic 


Pseudolayer  d 


I?-? 

Zb 


Backing 


Fig.  7  Pseudolayer 


_ :  Simulation  accounting  for  sawed  part 

- :  Simulation  disregarding  sawed  part 


O  •  Experiment 


4.  Conclusion 

We  devised  a  way  to  measure  acoustic  impedance  of  a  minute  object  and  measured  that  of  the 
sawed  part  of  the  backing  in  an  array  transducer.  We  clarified  that  the  impedance  of  the  sawed 
part  of  the  backing  Is  less  than  that  of  the  solid  backing,  even  though  they  are  made  of  the  same 
material.  Our  simulation  of  electro-acoustic  conversion  characteristics  was  in  excellent  agreement 
with  experiment. 
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ANALYSIS  OF  HIGH-SPEKD  BUS  LINES  IN  PRINTED 


CIRCUIT  BOARDS 
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NTT  Electrical  Communica t ions 
3-9-1 1 ,  Midoricho,  Musashino-shi , 
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ABSTRACT 

for  improving  the  operating  speed 
and  driving  capabilities  of  bus  lines  in  a  bookshel f-type  pacLg- 
ing  system.  In  particular,  a  parallel  distributed  circuit  model 
wi  stubs  IS  introduced  for  analyzing  reflection  and  crosstalk 
noise  simultaneously.  Numerical  analysis  shows  that  a  trade-off 
exists  between  the  upper  limit  of  speed  and  the  number  of 
packages,  and  that  the  reduction  of  stub  length  will  improve  the 
trade-off.  Experiments  indicate  that  reduction  of  stub  length  bv 
surface  mount  bus  drivers  on  both  surfaces  of  a  package  is  highly 
erfective  for  achieving  high  operating  speeds. 


INTRODUCTION 

Recent  advances  in  VLSI  technology 
have  brought  about  changes  in  printed 
circuit  board  design.  The  number  of  SSIs 
(Small  Scale  Integration)  mounted  on  a 
board  has  become  lower  and  lower  since 
most  logic  functions  are  now  integrated 
in  a  few  VLSIs.  The  remaining  SSIs  are 
receivers,  drivers  and  transceivers  only 
due  to  the  fact  that  VLSIs  themselves  do 
not  have  sufficient  driving  capabilities. 
VLSIs,  however,  require  wide-bit  bus 
lines  to  communicate  with  each  other^^'. 
For  a  large  scale  system,  bookshelf -type 
packaging  as  shown  in  Fig.l  is  widely 
used.  The  packaging  system  is  constructed 
by  connecting  multiple  packages  to  a 
backplane.  As  a  result,  bus  lines  have 
many  stubs  and  long  parallel  lines  which 


can  cause  serious  multi-reflection  and 
crosstalk  noise.  However,  few  papers 
describe  how  to  control  the  transmission 
properties  of  bus  lines.  This  paper 
presents  techniques  for  improving  the 
operating  frequency. 


ANALYSIS  MODEL 

Figure  1  shows  the  bus  line  model  to 
be  analyzed.  Multiple  packages  are 
plugged  into  a  backplane  with  connectors. 
The  bus  lines  run  parallel  to  each  other 
and  have  many  stubs.  All  stub  lines  on 
the  packages  are  terminated  by  TTL 
transceivers  which  act  as  a ■ driver  or 
receiver.  Both  sides  of  packages  mount 
terminating  resistors. 

The  stub  lines  cause  multiple  reflec¬ 
tion  noise  on  the  main  routes  since  the 
impedance  of  stubs  which  act  somewhat  as 
open  transmission  lines  is  different  from 
that  of  the  main  routes.  In  addition,  the 
main  routes,  stub  lines  and  connector 
pins  construct  parallel  lines  and  induce 
a  great  deal  of  crosstalk  noise  as  shown 

Table  1  Line  and  device  paraieters 
used  in  the  analysis. 


(All  line  parameters  are  modified  by 
the  coupling  between  1st  and  3rd  lines.) 


Package  & 

Backplane  I 

w 

1  5  0  /It  m 

S  2 

3  .  5 

s 

1  120  /£4  n 

ft  3 

5 

1, 

1  fi  M  » 

1.  S 

5  8  0  n  II  /  m 

Hi 

2  5  M  » 

1,  m 

1  .  6  n  II  /  m 

Ha 

200  in 

Cs 

9  5  p  P  /  m 

K  1 

1 

f*  m 

0.27, pF/m 

1  Transceiver  1 

T  r 

f)  .  9  n  s 

Hour 

3  \  £2 

T  f 

2  .  8  11  .s  : 

Oo  U  T 

1  5  p  F 

C  i  n 

1  f)  V  P 

R  i  n 

1  Ok  Q 

Package 

s  |)  a  c  i 

n  g 

1  i  1  1  T)  m  m  *  1 

99 


in  Fiq.2.  Therefore,  to  analyze  the 
transmission  line  properties  of  a  bus 
line  system  accurately,  it  is  necessary 
to  take  into  account  the  stubs  and  paral¬ 
lel  lines  simultaneously. 

Bus  lines,  stub  lines  and  connectors 
are  expressed  by  three  parrillel  dis¬ 
tributed  circuit  models'^',  because  the 
crosstalk  induced  by  adjacent  parallel 
lines  is  much  larger  than  that  by  the 
others.  The  propagation  mode  of 
microstrip  lines  is  approximately  quasi- 
TEM.  Therefore,  the  line  parameters  per 
unit  length  can  be  calculated  solving 
Laplace's  equation  by  the  Finite  Element 
Method  (FEM).  The  line  parameters  of  con¬ 
nectors  are  measured  by  an  impedance 
meter . 


Transceivers  are  expressed  by  simple 
lumped  circuit  models.  The  equivalent 
circuit  of  an  output  stage  transceiver  is 
a  combination  of  a  pulse  voltage  source 
at  no  load  output  resistance  Rq„4- 

and  capacitance  while  that  of  an 

input  stage  is  a  parallel  circuit  of  in¬ 
put  resistance  and  capacitance 

These  equivalent  circuit  parameters  are 
obtained  as  follows' The  output  resis¬ 
tance  is  directly  calculated  using 

the  following  relationship  between  load 
capacitance  and  propagation  delay 

time  at  the  50  percent  level  of  an  output 
waveform  VQyrj,(t): 


Vqut  ( t )  =  Vo  [  1  -exp  { { t  t  ) )  ] 

(1  ) 

Rout“ ^ ^ ^ ^ ^ (2) 

where  Vo  and  tpd  are  the  maximum  output 
voltage  and  propagation  delay  time, 
respectively.  In  the  following  analysis, 
we  used  an  average  value  of  low  to  high 
and  high  to  low  output  resistances.  The 
other  parameters  were  measured  by  an  im¬ 
pedance  meter. 

Table  1  lists  the  line  and  device 
parameters  used  in  the  following 
analysis , 


EVALUATION  METHOD 

Tran5',mitted  waveforms  at  the  receiving 
end  are  evaluated.  Figure  3  defines 
stable  times  to  be  evaluated.  We  also 
define  three  waveform  conditions  at  the 
receiving  end  by  introducing  a  factored. 

o(  =Min(Tjj,TL)/(0.5T^)  (3) 

Stable  :  0.70  g  cx 

Quasi-stable  :  0.50  ^  cx  <  0.70  ^  (4) 

Unstable  ;  oC  <  0.50 


Fig. 3  Stable  tiae  definition. 


NUMERICAL  ANALYSIS 

Figure  4  shows  the  relationship  be¬ 
tween  the  number  of  packages  and  the 
operating  frequency.  Here,  we  can  see  a 
trade-off  between  them,  as  well  as  three 
regions  corresponding  to  the  three 
waveform  conditions  above.  As  the  number 
of  packages  increase,  the  reflection,  at¬ 
tenuation  and  crosstalk  become  large. 


stub  length:  —  lent,  .  5cni 

Fig. 4  Relationship  between  the 
nuBber  of  packages  and  frequency. 
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package  spacing 


•rhese  noises  can  be  reduced  by  lowering 
cne  operating  frequencies.  It  si’iouid  be 
noced  that  the  reduction  of  stub  length 
is  very  effective  in  improving  of  trade¬ 
off.  The  reason  for  this  is  that  the 
noises  decrease  with  a  reduction  in  stub 
length.  In  other  words,  stable  time  in¬ 
creases  with  a  decrease  in  stub 
capacitance  as  shown  in  Fig. 5. 


Figure  8  shows  a  comparison  of  the 
drivability  between  TTL  and  ECL-driven 
bus  lines.  The  ECL  drivers  have  a  poten- 


number  of  packages 

Fig. 5  Relationship  between  the  number 
of  packages  and  normal i^ed  stable  time. 


tial  to  improve  the  operating  frequency 
more  than  three  times  since  the  output 
resistance  and  input  capacitance  of  ECLs 
are  typically  six  and  three  times  lower 
than  that  of  TTLs,  respectively. 


Figure  6  shows  the  relationship  be¬ 
tween  the  output  resistances  of  drivers, 
the  input  capacitances  of  receivers  and 


C,N  (PF) 


Rcut  (  ) 


Rout  variable  iCin  =15pF 
Cin  van i ab 1 e  : Rout  =  3 1  Q 
Fig. 6  Relationship  between  RouttCin 
and  frequency. 


Number  of  packages 


Fig. 8  A  comparison  between 
TTL  and  ECL  dr ivab i 1 i t ies. 


the  upper  stable  frequencies.  The  reduc¬ 
tion  of  output  resistance  and  input 
capacitances  can  increase  the  operating 
frequencies  and  the  number  of  packages . 
This  increase  is  due  to  the  reduction  in 
the  impedance  mismatch  of  stub  lines  anc. 
the  enhancement  of  drivabilities .  In  ad¬ 
dition,  Fig. 7  suggests  that  the  reduction 
of  crosstalk  at  the  connector  pins  wi  11 
improve  the  trade-off. 


APPLICATIONS 

Numerical  analysis  indicates  that  the 
reduction  of  stub  length  is  effective  for 
the  improvement  of  operating  frequencies 
and  the  number  of  packages.  Accordingly, 
we  fabricated  two.  types  of  packages  to 
compare  transmission  properties.  Dual-in¬ 
line  (DIP)  and  surface  mount  device  (SMD) 
transceivers  are  mounted  on  packages  con- 
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DIP 


.4  »•  (i'  i  X 


SHD 


(a)  Fabricated  bus  line  package. 


receiver  input 


receiver  output 


DIP 


SHD 


(b)  Transiission  waveforis  with  10  packages,  at  20Hllz. 

Fig. 9  A  coiparison  of  fabricated  bus  line  packages  and 
transiission  vaveforis  between  SHD  and  DIP. 


nected  to  a  backplane  with  high  density 
con ne c t o r s ^ ^  .  The  types  of  both 
transceivers  are  quite  the  same.  The 
dimensions  and  line  parameters  are  the 
same  as  shown  in  Table  1 . 

Figure  9  shows  a  comparison  between 
DIP  and  SMD  packaging.  The  receiver  input 
waveform  of  SMD  is  much  better  than  that 
of  DIP,  and  the  duty  of  the  DIP  receiver 
output  waveform  is  greatly  changed.  This 
is  due  to  the  difference  in  stub  length. 
Since  the  SMD  drivers  mounted  on  both 
surfaces  of  the  packages  can  be  located 
in  a  smaller  area  adjacer^t  to  connectors, 
the  stub  length  becomes  shorter  and  the 
reflection  and  crosstalk  noise  become 
very  small.  Consequently,  SMD  improves 
the  operating  frequency  or  the  number  of 
packages  by  30  percent . 


CONCLUSIONS 

This  paper  has  described  techniques 
for  improving  the  operating  speed  and 
driving  capabilities  of  bus  lines  in  a 
bookshel f -type  packaging  system.  We  have 
introduced  a  new  mu  1 1 i - pa ra  1 1  el  dis¬ 
tributed  circuit  model  with  many  stubs 
for  a  n  a  1  y  z  i  nq  t  he  r  e  f  1  e  c  t  i  on  and 
crosstalk  noise  s i nui  1 t aneous 1 y .  Numerical 


analysis  shows  that  a  trade-off  exists 
between  the  upper  limit  of  speed  and  the 
number  of  packages.  The  reduction  of  stub 
length,  output  resistance  and  input 
capacitance  will  improve  the  trade-off. 
In  addition,  experiments  indicated  that 
reduction  of  stub  length  by  surface  mount 
bus  drivers  on  both  surfaces  of  a  package 
is  highly  effective  for  achieving  high 
operating  speeds. 
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ABSTRACT 


In  ‘^fvelop  improved  methods  for  manufacturing  multilayer  printed 

necessary  to  unde'^stand  the 
dynamic  phenomena  which  occur  during  the  lamination  process.  Consequentlv  the 
authors  have  attempted  the  first  study  of  the  lamination  process  by  the  direct 
measurement  of  the  pressure  distribution.  A  pressure  distribution  sensor  wi^rsi 
pressure  detectors  arrayed  in  a  9x9  array  was  developed  specifically  for  this 
study.  The  basic  structure  of  the  pressure  detector  is  that  of  a  parallel  elate 
structure  instrumented  with  strain  gauges.  The  array  of  such  detectors  enables 
the  exact  multipoint  measurement  of  the  dynamic  pressure  behavior  under 
conditions  of  high  pressure  and  high  temperature.  From  the  results  of  our 
experiments,  the  following  conclusions  can  be  drawn: 

(1)The  pressure  is  distributed  such  that  the  maximum  pressure  is  located  at  the 
center  of  the  mold.  As  curing  progresses,  the  pressure  gradient  from  the  edges 
to  the  center  increases,  with  a  commensurate  increase  in  the  pressure  level  at 
the  center  of  the  mold. 

{2)The  final  thickness  of  the  cured  MLPCB  correlates  well  with  the  pressure 
distribution  during  the  initial  stage  of  curing. 

(3)Theoretical  models  which  explain  the  behavior  noted  in  (1)  and  (2),  above 
have  been  developed.  The  behavior  of  the  laminate  during  the  initial  stage  of 
carh^.  can  be  represented  by  the  viscous  fluid  flow,  while  the  cured  laminate 
ated  as  a  solid  mass.  The  thickness  variation  in  the  cured  MLPCB 
nagnitude  of  the  springback  of  the  laminate,  which  is  approximate- 
THTRimiPTinM  pressure  dis^tribution  during  the  initial  stage  of  curing. 

INIHODUCTION  between  the  prepreg  glass  cloth  and  the 


Today,  with  the  increasing  component 
density  in  electronic  devices,  multilayer 
printed  circuit  boards  (MLPCB)  with  higher 
density  and  more  layers  are  demanded.  Since 
current  lamination  technology  is  primarily 
based  on  empirical  rules,  the  manufactu¬ 
ring  of  MLPCB  for  the  next  generation 
supercomputers  is  becoming  increasingly 
difficult . 

The  lack  of  a  firm  scientific  basis 
for  the  description  of  the  lamination 
process  is  due,  in  large  part,  to  our  poor 
understanding  of  the  dynamic  behavior 
during  curing.  Various  defects  that  occur 
during  lamination,  for  example,  prepreg 
voids  and  interlayer  shifting,  are 
considered  to  be  related  to  the  stresses 
which  act  on  the  MLPCB  during  lamination. 
Because  of  our  lack  of  detailed  knowledge 
of  the  actual  stress  fields,  the  causes  of 
the  defects  are  not  well  understood. 

We  have  used  our  special  instrumenta¬ 
tion  to  provide  the  first  detailed  measure¬ 
ment  of  the  pressure  distribution  during 
curing  and  have  used  the  resulting  data  to 
analyze  the  mechanism  of  lamination. 

METHOD  OF  PRESSURE  DISTRIBUTION  MEASUREMENT 

The  local  pressure,  as  defined  in  this 
paper,  has  the  following  meaning.  As  shown 
in  fig.1,  the  total  pressing  force  is 
considered  to  be  divided  between  the 
prepreg  resin  (through  the  hydraulic 
pressure  which  develops  in  the  liquefied 
resin)  and  the  direct  contact  which  occurs 


copper  foil  of  the  circuit  board. 
Consequently,  the  integrated  value  of  the 
force  on  the  detecting  surface  divided  by 
its  associated  area  is  regarded  as  the 
local  pressure. 

For  the  accurate  measurement  of 
pressure  distribution,  the  following 
characteristics  are  demanded  for  the 
sensor.  First,  the  detecting  block  itself 
must  have  high  rigidity.  If  not  ,  the 
deflection  of  the  detector  will  affect  the 
measurement  and  the  actual  contact  force 
can  never  be  measured.  Second,  the  detector 
must  detect  only  the  vertical  force,  with 
little  interference  from  the  frictional 
stress.  Last,  the  sensor  must  be  able  to 
perform  continuous  multipoint  measurement 
under  conditions  of  high  pressure  and  ‘high 
temperature . 


Hydraulic  Pressure, 
Force  transmitted  In 
glass  cloth. 


Fig.l  Composition  of  the  total  pressing 
force. 
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DISCUSSION 

The  dynamic  c  h  a  tu;  e  of  the  p  r  e  a  a  u  r  o 
distribution  in  tho  laminate  during  curing 
is  considered  to  he  due  to  the  phase 
transition  of  the  prepreg  resin. 

It  is  suggested  that  the  initial  hill¬ 
shaped  pressure  distribution  is  produced  by 
the  pressure  in  the  liquefied  prepreg 
resin  itself,  or  is  closely  related  to  it. 
When  the  load  is  applied,  the  prepreg 
resin  flows  out  through  the  extremely 
narrow  gaps  between  layers.  At  this  time, 
due  to  the  viscosity  of  the  resin,  the 
hydraulic  pressure  of  the  prepreg  resin 
will  become  high  at  the  center  and  lower 
around  the  edge.  This  suggested  mechanism 
is  supported  by  the  results  of  a  recent 
study  of  the  causes  of  void  generation  in 
the  curing  of  prepreg  [1].  One  important 
cause  of  void  generation  is  the 
vaporization  of  solvent  from  the  resin, 
which  is  caused  by  low  pressure  in  the 
liquefied  prepreg  resin.  Corresponding  to 
our  finding  of  low  pressure  around  the  edge 
of  the  specimen,  most  voids  are  observed, 
in  practice,  around  the  edge  of  MLPCB.  In 
addition,  change  in  the  pressure  implies 
the  presence  of  viscous  shear  stress,  which 
will  deform  the  PCB  substrates  and  cause 
Interlayer  shifts.  This  shifting  is  a  major 
obstacle  in  the  manufacturing  of  hig. 
density  MLPCB.  Consequently,  for  the 
prevention  of  void  and  interlayer  shift 
generation  *  it  is  suggested  that  mold 
cavities  should  be  designed  to  produce  a 
more  uniform  pressure  distribution  in  the 
initial  stage  of  pressing. 

The  sharp  gradient  pressure  distri¬ 
bution,  which  results  after  curing  has 
progressed,  looks  like  the  so* -  called 
friction  hill  in  the  case  of  plastic 
forming.  In  this  case,  the  pressure  is 
considered  to  be  transmitted  by  both  the 
cured  prepreg  resin  and  the  glass  cloth, 
and  the  frictional  forces  between  the 
laminate  and  the  jig  board  begin  to 
dominate.  The  frictional  forces  generate 
shear  stresses  in  the  cured  fiLPCB,  which 
also  tend  to  cause  interlayer  shifting. 
Consequently,  it  is  desirable  to  develop 
a  method  of  reducing  the  frictional  forces 
between  the  jig  board  and  the  laminate. 

The  concentration  of  the  pressure 
at  the  center  of  the  specimen  during  the 
unloading  process  is  considered  to  be  due 
to  the  elastic  springback  of  the  specimen. 
As  shown  in  fig. 13,  during  the  unloading 
process,  the  specimen  expands  in  the 
vertical  direction  and  contracts  in  the 
horizontal  direction.  In  this  way,  the 
specimen  follows  the  elevation  of  the  jig 
board  and  maintains  pressure  between  the 
jig  board  and  the  laminate.  The  magnitude 
of  the  springback  will  appear  as  the  actual 
variation  in  the  i'inal  thickness  of  the 
cured  specimen,  which  correlates  well  with 
the  pressure  distribution  during  t.  he 
initial  stage  of  curing. 

The  basic  phenomena  observed  in  these 
model  experiments  are  considered  to  bo 
affected  most  significantly  by  the 
following  factors: 

( a  )  T  h  e  mechanical  deformation  c  h  ca  r  a  c  t  o  r  i  s-  - 
t  i  c!  s  of  the  specimen.  For  example,  the 
c  o  i!  f  f  i  1  e  n  t  o  f  v  i  s  c  o  s  1 1  y  o  f  the  t*  o  s  i  a . 


(b}Thc  frictional  coefficient  between  the 
s  p  c  i  m  e  n  a  n  d  t  ^  i  e  j  i  g  b  o  a  r  d  . 

(  c  J  T  h  e  g  e  o  m  e  t  0  r  y  and  constitution  o  1'  t  li  e 
spocimon.  For  exa-iple,  tho  dincncions  ,  tho 
numb  or  of  layers  and  materials  which  nri: 

usedinthespecimen. 

(d)Mechanical  restrictions  on  the  motion  ol' 
the  specimen.  For  example,  the  presence  and 
.'location  of  positioning  pins. 

In  the  application  of  the  results  of  the 
experiments  which  are  reported  herein,  we 
should  pay  attention  to  the  abovemen tioned 
factors. 


Fig. 13  Behavior  of  the  specimen  during 
unloading  process . 

ANALYSIS 

The  two  characteristic  aspects  of  the 
pressure  distribution,  the  hill-shaped 
aspect  and  the  sharpened  one,  may  be 
explained  by  models  as  follows. 

The  radial  flow  of  resin  between  the 
layers  during  the  loading  process  can  bo 
approximated  by  the  Newtonian  fluid  flow 
between  parallel  plates  as  shown  in 
fig. 14.  Considering  the  forces  acting  on  an 
i n f i n i t e s ma 1 ,  fan-shaped  element  in  the 
flow,  which  are  due  to  viscous  shear  stress 
andT  pressure,  the  equation  shown  below  can 
be  obtained.  .  r  ’ 


where,  Pm  :  Mean  pressure, 

R  :  Total  radius  of  the  flow  field, 
r  :  Distance  from  the  center. 

This  equation  describes  a  parabolic 
pressure  distribution.  According  to  this 
equation,  the  ratio  of  the  pressure  at  the 
center  point  to  the  mean  pressure  becomes 
2:1  regardless  of  tho  total  radius  of  the 
flow.  This  suggestion,  which  results  fro.m 
the  theoretical  model,  agrees  with  the 
experimental  result. 


Fig.  14  Newtonian  model  of  resin  flc'w. 
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•.*  u r  i' d  ,  the  s p o  o  i  m  e  ii  o a  n  i- e  a  p  p  r  v'  x  i  r. a  e d  a  j; 
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considering  the  forces  acting  o  n  a  fa  n 
shaped  element,  which  are  f  r  i  c  t  i  c')  n  a  1  stress 
and  normal  stress,  the  equation  s  li  o  w  n  below 
can  be  obtained. 

P  =  Pc  exp  (  -  — r ) 
k  h 


where,  Pc 

JU 

k 

h 

r 


Pressure  at  the  center  point, 
Frictional  coefficient, 

Lateral  pressure  coefficient, 
Height  of  mass. 

Distance  from  the  center. 


Fig.1  5  Solid  mass  model  of  the  cured 
laminate • 

This  equation  expresses  an  exponential 
pressure  distribution.  According  to  this 
equation,  the  pressure  gradient  becomes 
steeper,  as  the  frictional  coefficient 
increases.  The  pressure  gradient  is  deter- 
min.ed  by  the  magnitude  of  the  coefficients 
u  and  k,  which  are  characteristics  of  the 
materials  of  the  MLPCB  and  the  jig  board. 
Consequently,  it  is  concluded  that  the 
ratio  of  the  pressure  at  the  center  point 
to  the  mean  pressure  will  increase,  as  the 
size  of  the  laminate  increases.  This 
ratio  was  about  3:1  in  the  experimental 
case,  but  it  may  become  much  larger  In  the 
industrial  practice,  because  the  size  of 
the  actual  MLPCB  material  is  about  three 
times  as  large  as  that  of  the  experimental 
specimen . 

The  dependence  of  the  final  thickness 
of  the  cured  laminate  on  the  pressure 
distribution  during  the  initial  stage  of 
curing  may  be  explained  by  the  following 
model.  Fig. 16  shows  the  mechanism  of  the. 
elastic  springback  of  the  laminate. The 
forces  acting  on  the  e  lement  ©  and  ©  j  ust 
before  unloading  can  be  considered  as 
follows.  The  element  ©is  restricted  by  t^e 
compressive  stresses  in  both  the  vertical 
and  the  horizontal  direction.  On  the  other 
hand,  the  element  ©is  restricted  also  by 
the  compressive  stress  in  the  vertical 
direction,  but  by  the  tensile  stress  in  the 
horizontal  direction,  which  is  due  to  the 
contraction  of  the  laminate  by  cooling. 
Consequently,  the  apparent  coefficient  of 
elasticity  in  the  vertical  direction 
becomes  larger  in  the  case  of  the  element® 
and  smaller  in  the  case  of  the  element  (2)^ 


i  f"!  i  w  y  »  f  h  •')  c  t  11  n  1  magnitude  o  f  t  h  e 
(’  I  a  f.  t  i  c  r>  p-  r  i  n  g  b  a  k  will  become  not  the 
solid  but  the  b  r  o  k  t"*  n  curve.  Because  the 
approximate  appearance  of  the  pressure 
distribution  during  curing  is  determined 
by  that  just  aiter  load  application,  the 
thickness  variation  in  the  cured  MLPCB, 
which  results  from  the  elastic  springback, 
will  correlate  well  with  the  pressure 
distribution  during  the  initial  stage  of 
curing. 


Fig.l6  Elastic  springback  mechanism  of 
the  cured  laminate. 

CONCLUSIONS 

A  pressure  distribution  sensor  using 
a  parallel  plate  structure  has  been 
developed,  v/hich  has  good  performance  under 
conditions  of  high  temperature  and  high 
pressure.  The  following  conclusions  were 
derived  from  the  results  of  our 
experiments  : 

(1) The  pressure  is  distributed  such  that 
the  maximum  pressure  is  located  at  the 
center  of  the  laninate.  As  curing 
progresses,  the  pressure  gradient  from  the 
edges  to  the  center  increases,  with  a 
commensurate  increase  in  the  pressure  level 
at  the  center. 

(2) The  final  thickness  of  the  cured  MLPCB 
correlates  well  with  the  pressure 
distribution  during  the  initial  stage  of 
curing. 

(  3 ) The  ore t i ca 1  models  which  explain  the 
behavior  noted  in  (l)  and  (2),  above,  have 
been  developed.  The  behavior  of  the 
laminate  can  be  represented  by  the  viscous 
fluid  flow  during  the  initial  stage  of 
curing,  while  the  cured  laminate  can  be 
treated  as  a  solid  mass.  The  thickness 
variation  in  the  cured  MLPCB  expresses  the 
magnitude  of  the  elastic  springback  of  the 
laminate,  which  is  approximately  proportio¬ 
nal  to  the  pressure  distribution  during  the 
initial  stage  of  curing. 
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1 «  Abstract 

Since  IC  CARDS  and  TAB  represent  extremely  low  profile  IC  MODULES,  it  is  difficult  to  realize  such  package 
forms  at  high  moisture  resistance.  In  this  report,  we  have  evaluated  three  different  types  of  epoxy  resins 
(pellet,  liquid,  and  solvent  type)  which  suit  automated  and  IN-LINE  processes.  We  have  also  considered 
problems  regarding  reliability  and  process  control,  and  have  obtained  the  following  result. 

Moisture  resistance  is  good  in  the  epoxy  resins  of  the  pellet,  solvent  and  liquid  types,  in  that  order, 
because  the  liquid  epoxy  resin  liberates  a  lot  of  Cl  ions  due  to  the  production  process  of  the  main  epoxy 
resin  and  the  design  of  composites.  The  pellet  type  resin  contains  many  fillers,  and  as  a  result  moisture 
diffusion  into  the  bulk  resin  is  low.,  in  the  case  of  the  liquid  type  resin  using  acid  anhydride  hardeners 
epoxy  resin  it  is  Important  to  minimize  the  moisture  absorption  during  idling  time  between  coating  and 
curing. 

2.  Introduction 

Miniaturized  IC  packages  have  been  strongly  requested,  and  extremely  low  profile  IC  modules  such  as  less 
than  0.5  mm  in  total  thickness  have  been  developed.  Fig.  1  shows  a  TAB  (tape  automated  bonding)  package 
(an  extremely  low  profile  IC  module  is  typical).  Each  TAB  package  consists  of  chip,  tape  (polyimide)  and 
sealing  resin  less  than  0.1  mm  in  thickness.  Table  1  shows  comparison  of  extremely  low  profile  IC  module 
sealing  resins  currently  used.  The  pellet  type  resin  is  solid,  and  its  moisture  resistance  can  be  improved 
by  amine  type  hardener.  However,  there  are  some  disadvantages,  such  that  the  workability  is  not  good  and 
the  curing  time  is  rather  long.  The  liquid  epoxy  type  resin  is  liquid  to  answer  requirements  of  improving 
sealability  and  workability,  and  liquid  acid  anhydride  is  often  used  as  a  hardener.  The  solvent  type  resin 
is  solid  resin  to  be  dissolved  by  a  solvent,  and  the  sealability  and  workability  can  be  improved  by 


Fig.  1  Extremely  Low  Profile  IC  Module  (TAB) 


Table.  1  Characteristics  of  The  Evaluated  Resins 


Pettet  type 

Liquid  eoxy  type 

Solvent  type 

Conipo$ftk>n 

Epoxy  resin 

Bisphenot  type 

Blsphenol  type 

Blsphenol  type 

Hardener 

Amine  type 

Acid  anhydride 

Phenol  novolak 

Cure  accelerator 

Amine  type 

Amine  type 

Amine  type 

Colofant 

Cartwn  black 

Cardon  black 

Carbon  black,  dye 

Fitter 

Si02(i;70%wt) 

Si02(if10%wt  down) 

SI02(i?10%wt) 

Solvent,  Dilvent 

Epoxy  monomer 

Organic  solvent 

WofkaWIty 

Property 

Solid 

Liquid 

Liquid 

Low  profile 

A 

o  1 

@ 

Fiowabittity 

A 

o 

o 

Cure  condition 

150*O15hr 

100’01trH50*C*3hr 

Fkial150*Oftr 

Application 

Standard  COB 

Thin  type  COB  JAB 

Thin  type  COB  JAB 
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adjusting  the  solvent  in  volume.  Few  comparison  data  on  moisture  resistance  of  these  sealing  resins  is 
available.  We  have  compared  the  moisture  resistance  of  extremely  low  profile  sealing  resins  and  examined 
factors  affecting  the  moisture  resistance.  An  in-line  operation  in  the  sealing  process  or  an  idling  time 
from  the  potting  operation  to  the  curing  operation  is  a  very  important  factor  for  the  moisture  resistance. 
We  have  examined  effects  of  the  idling  time. 

3.  Experiment  and  results 

3.1  Comparison  of  moisture  resistance  of  sealing  resins 


Experimental  method 

A  comparison  of  moisture  resistance  of  the  sealing  resins  in  Table  1  has  been  done  under  the  HAST 
conditions  (at  120®C,  85J  RH,  and  bias  voltage  of  10  V)  using  the  TEG  patterns  (Al-Si  parallel  patterns, 
7pm  in  width,  2pm  in  gap,  no  passivation).  To  examine  causes  of  the  effects,  we  analyzed  extracted  ions 
and  made  various  experiments  by  setting  a  level  for  the  filler  amount. 


Results 

Fig.  2  shows  -the  Weibull  distribution  diagram  of 
comparison  of  the  sealing  resins.  The  order  of 
higher  moisture  resistance  is  pellet  type  resin, 
solvent  type  resin,  and  liquid  epoxy  resin.  In 
the  case  of  pellet  type  resin  and  solvent  type 
resin,  the  cathode  is  degraded,  and  grain  boundary 
type  aluminum  corrosion  can  be  seen  on  its 
surface.  In  the  case  of  liquid  epoxy  resin,  the 
anode  is  degraded,  and  aluminum  pitting  corrosion 
can  be  seen  on  its  surface. 


Results 

Fig.  3  shows  the  HAST  evaluation  results.  The  moisture  resistance  decreases  as  the  idling  time  increases, 
and  the  anode  is  degraded  and  aluminum  corrosion  can  be  seen  on  its  surface.  Fig,  4  shows  the  PCT 
evaluation  results.  Cracks  on  the  resin  surface  increase  in  number  as  the  idling  time  increases. 


Fig.  4  Resin  Cracking  at  Pressure  Cooker  Test 
Fig.  3  HAST  Results  vs.  Idling  time  (121°C/100%RH)  vs.  Idling  time 


Fig.  5  shows  the  extracted  ion  analysis  (condition:  Boiling  wafer  for  20  Hr.)  that  Cl  ions  increase  as  the 
idling  time  increases.  The  thermal  analysis  shows  that,  as  shown  in  Table  3,  the  reactivity  during 
gelation  decreases  and  the  glass  transition  temperature  of  the  cured  resin  lowers  as  the  idling  time 
increases.  To  examine  the  effect  of  the  idling  time  on  the  molecular  level,  the  FT-IR  analysis  has  been 
made.  The  result  shows  that  the  acid  anhydride,  which  is  one  of  the  composition,  is  hydrolyzed. 
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23  C  55%RH 


Fig.  5  Extraction  Characteristics  of  the 
Evaluated  Resins,  vs.  Idling  time 

Table.  3  Results  of  thermal  analysis 


Idling  time  (Hr.) 

0 

4 

8 

Acid 

anhydride  type 

AQ  (mj/mg) 

44 

37 

25 

Tg  CO 

138 

127 

121 

Table  2  elves  the  extraction  characteristics  of  each  sealing  resin.  The  measurement  conditions 
follows-®  Each  sealing  resin  is  cured  under  the  specified  conditions,  and  the  cured  resin  is 
extracted  at  121°C  and  2  atmospheres  for  20  hours.  The  amount  of  ion  impurities  is 

:  orp  on  p  ctro  photometer  Ld  an  ion  chromatographic  apparatus  The  P  -1-  Cd  eS  y 

?EC)  of  extrLted  water  are  measured  with  a  PH  meter  and  a  conductivity  meter  In  the  ^f.^SaSer  i^ 

resin,  a  very  large  amount  of  CT  ions  is  detected.  The  electric  conductivity  (EC)  of  extracted  water  is 


highest. 


Table.  2  Extraction  Characteristics  of  The  Evaluated  Resins 


Pellet  Type 

Liquid  Type 

Solvent  Type 

E.C(//s/cm) 

44 

79 

11 _ 

PH 

4.7 

4.2 

5.0 

Extraction 

lONS(ppm) 

Na 

3.4 

2.0 

6.9 

K 

1.1 

0.4 

2.6 

Cl 

34 

193 

12 

F 

7.5 

2.0 

13 

3.2  Effects  of  the  idling  time  on  the  moisture  resistance  of  liquid  epoxy  resin. 

BBSS 

PCT  conditions  (at  121«C  and  100>  RH)  using  actual  devices.  To  try  to  find  the  cause,  an 
analysis,  thermal  analysis,  and  FT-IR  analysis  have  been  made. 

no 


Discussions 

Low  moisture  resistance  of  the  liquid  epoxy  resin  is  considered  to  be  caused  by  a  lot  of  CT  ions  contained 
in  the  resin  because  the  aluminum  used  this  resin  is  the  anode  degradation  type  in  the  corrosion  mode  An 
increase  in  Cl  ions  may  be  caused  by  excessive  amount  of  epichlorohydrln  used  for  liquid  epoxy  resin 
manufacture  or  by  the  curing  condition  and  accelerator.  For  example,  bisphenol  epoxy  resin  can  be  produced 
by  reacting  bisphenol  and  epichlorohydrln  under  the  alkaline  condition  (Fig.  6).  To  produce  low-molecular 
epoxy  resin  to  be  used  for  liquid  epoxy  resin,  an  excessive  amount  of  epichlorohydrln  is  required  Durlne 
reaction,  chlorhydrln  ether  is  formed  as  a  subproduct.  CT  ions  are  liberated  from  unreacted 
epichlorohydrins  or  subproducts  of  chlorhydrln  ether,  by  the  hydrolysis  or  accelerator  during  heating. 

CHa 

I 


(n  +  1)HO-<@>-  C  +  (n+2)CH2-CHCH2CI 

'  '  \  / 

O 


CHa 

Bisphenol  A 


CH. 


Epichlorohydrln 
Alkaline  condition 

CHo 


CHz-CHCHz^ 

\  / 

0 


EJ  - o 

0-(o)-  c  OCH2CHCH2  •  0-(o)* c  - OCH2CH- CH2  +  H2O 

CH.  in  V 


I3  OH  CHa 

Bisphenol  A  epoxy  resin 


R-OCH2CHCH2CI 

OH 


-R-OCH2CHCH2OH 

I 

Cl 


Influence  of  hydrolysis 
or  accelerator 


Fig.  6  Method  to  manufacture  of  bisphenol  A  epoxy  resin 

that  the  moisture  resistance  of  the  pellet  type  resin  is  higher  than  that  of  the  solvent  type 

®  ®  difference  in  the  filler  amount.  The  improved  resin  in  Fig.  2  is  the 

amniini-  T  °  ven  type  resin  (70wt>).  As  seen  in  Fig.  2,  the  improved  resin  shows  that  as  the  filler 

'■esistance  becomes  longer  and  also  higher  than  that  of  the  transfer  sealing 
^®8fadation  mode  is  also  the  same  cathode  as  the  solvent  type  resin.  A  difference  in 

ihf  influences  the  moisture  diffusion  phenomenon,  the  main  factors  of  the  corrosion,  because 

the  corrosion  mode  is  the  cathode  degradation  type.  v-otrosion,  oecause 

The  main  cause  of  degradation  of  the  moisture  resistance  of  the  liquid  type  resin  by  the  Idling  time  in  the 
sealing  process  is  considered  to  be  hydrolysis  of  the  anhydride  caused  by  moisture  absorption  of  the 
condition  ^>y  hydrolysis  may  decrease  the  reactivity  under  the  same  curing 

activation  energy  during  reaction,  @  a  decrease  in  activation  of  the  accelerator,  ® 

obtained  and  frf!T  ^  ''^^^'^lon).  As  a  result,  the  dedicated  curing  material  characteristics  cannot  be 
obtained,  and  free  ions  increase  in  quantity  due  to  a  decrease  in  resin  hardness  and  a  reduction  in  bulk 
moisture  resistance.  These  phenomena  may  cause  cracks  on  the  resin  surface  and  accelerate  aluminum 
corrosion  during  the  moisture  resistance  test. 

5.  Conclusion 

this  experiment,  the  basic  moisture  resistance  level  of  extremely  low  profile  IC 
sealing  resins,  factors  affecting  the  moisture  resistance,  and  effects  of  the  Idling  time  (effects  of 
absorbed  moisture)  in  the  sealing  process.  The  moisture  resistance  greatly  depends  on  tL  rSn  ty^ 
the  idling  time  ereatlv  arrech.*?  hhp  mnichnro  of _ _ _ j 


i-u  ZT - -  me  inoisoure  resistance  greatly  depends 

affects  the  moisture  resistance  depending  on  the  resin  type, 
should  be  carefully  selected,  and  the  process  should  be  deliberately  set. 


and 

The  resin  to  be  used 


6. 

(A) 

(B) 

(C) 

(D) 


References 

Hirayama  and  Totsuka,  "Reliability  of  Extremely  Low  Profile  IC  Modules  PART-I",  C-2-46  1988  Autumn 

SSunn  Record,  The  Institute  of  Electronics,  Information  and  Communication  ^6^ 

MndiiioQ"  and  Totsuka,  Reliability  of  liquid  Epoxy  Resin  used  for  Extremely  Low  Profile  IC 

Modules  ,  3*1  th  Symposium  on  Semiconductors  and  Integrated  Circuits  Technology,  pp73-78,  June.  1988 

*' 

"Reliability  of  Extremely  Low  Profile  IC  Modules  PART-II",  C-151,  1989  Autumn 
National  Convection  Record,  The  Instlture  of  Electronics,  Information  and  Communication  Engineers. 


Ill 
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ABSTRACT 


Many  developments  have  been  required  in  silicone  wafer,  IC  packaging,  PCB  subs  r  t.'i* whole  system  for 
hi-speed  computer.  In  substrate,  shorter  wiring  path  of  PCB  and  lower  dielectric  constant  of  substrate 
will  bring  higher  processing  speed  of  computer.  Wiring  path  of  PCB  has  been  rapid. v  minimized  by  multi¬ 
layer  wiring  technology. 


However,  few  low  dielectric  constant  materials  go  into  commercial  use  for  multi-lavei  PCB  in  computer 
applications.  The  major  reason  of  their  inavailability  is  due  to  the  trade-ott  between  dimensional^ 
stability  and  low  dielectric  constant.  For  example,  PTFE-glass  material  with  its  very  low  dielectric^ 
constant  (£-2.8)  cannot  satisfy  the  dimensional  stability  requirement  of  high  aspect  ratio  through-, lO . 2 
after  multi-lamination. 


Recently  we  have  developed  brand-new  materials  for  multi-lamination  with  both  ot  K'w  dielec  trie  constant 
and  excellent  dimensional  stability.  These  materials  can  realize  higher  processing  speed  and  higher  wir 
ing  density  by  applying  a  conventional  multi-lamination  process. 


INTRODUCTION 

Multi-layer  PCB  is  widely  applied  as  a  substrate  for  large  scale  computers.  As  the  demand  for  higher 
processing  speed  grows,  higher  propagation  speed  of  the  substrate  is  strongly  requested.^  Generally 
speaking  high  propagation  speed  in  multi-layer  PCB  can  be  attained  by  its  lower  dielectric  constant 

property.  *  .  •  •  •  u 

Almost  conventional  FPC  materials  are  three  layers  construction:  copper/adhes ive 'poly imide .  Having  the 
adhesive  layer,  these  laminates  cannot  give  full  play  to  the  excellent  character  of  polyimide  layer. 


Many  investigations  have  been  made  of  adhesiveless  two  layer  materials.  The  lending  approaches  are^ 
direct  casting  of  polyimide  varnish  on  metal  foil,  metal  vapor-deposit  over  polyimide  film  and  plating. 
We  adopted  the  casting  method  and  succeeded  in  the  considerable  testing  of  quantity  production. 

In  this  paper  we  intend  to  report  mechanical  and  electrical  characteristics  of  the  adhesiveless  FPC  (A-1 
FPC).  And  some  interesting  applications  are  also  reported. 


THEORETICAL 

The  main  problem  encountered  in  casting  method  is  the  residual  stress  which  is  induced  by  the  shrinkage 
of  polyimide  layer.  The  residual  stress  gives  rise  to  curing,  wrinkle  and  unsufficient  dimensional  sta 
bility  after  etching  process. 


The  shrinkage  occurs  at  two  steps.  The  first  step  is  solvent  vaporization  and  imidization  of  casted 
polyamic  acid  varnish  on  copper  foil  The  second  step  is  cooling  after  high-temperature  iraidizat ion . 
Sufficient  rearrangement  of  polymer  chain  is  required  to  reduce  stress  at  the  first  vaporization 
imidization  step.  A  principal  solution  for  the  problem  of  polymer  rearrangement  is 
ing  and  heating  process. 


Complete  imidized  layer  is  needed  to  C.T.E.  matching  with  copper  foil  for  the  second  cooling  step. 
Molecular  design  of  polyimide  is  an  appropriate  answer  to  the  problem. 


RESULT  AND  DISCUSSIONS 

General  characteristics  of  the  A-1  and  conventional  FPCs  are  shown  in  Table  1.  New  product  is  superior 
to  the  conventional  product  in  wetar  absorption  and  ionic  impurities.  Therefore,  copper  migration  can 
hardly  occur.  Dimensional  stability  of  the  new  product  is  also  superior  to  the  conventional  one.  New 
product  can  be  used  in  fine  pattern  processing. 

Having  the  adhesiveless  construction,  new  product  showed  the  excellent  heat  resistance  in  the  200  C, 
lOOhrs  treatment,  while  conventional  product  blancked  by  the  carbonization  of  the  adhesive  layer. 
Thermal  decomposition  behavior  of  the  materials  are  observed  by  thermogravimetr ic  analysis.  A-1  is 

superior  to  conventional  one. 
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theoretical 


Propagation  speed  is  determined  by  equation  (A). 

V  ®  c  /  fSr  •  •  •  (A) 

"XT:  Propagation  speed 
c  :  Light  velocity 

Dielectric  constant  of  material 

In  Table  1  you  can  see  typical  of  various  materials. 


Table  1  Material 

E  glass  6.2 
Epoxy  resin  3.7 
Polyitnide  3.4 
PTFE  2 . 2 
Epoxy/fibre  glass  4.9 
Polyimide/Fibre  glass  4.6 
PTFE/fibre  glass  2.7 


£r  of  a  laminate,  in  other  words  of  an  insulation  layer,  would  be  roughly  calculated  by  equation 

(B). 

£r --lami  -resin  V-resin  +  &t*-ref  V-ref  (B) 

6ir-lami  :  tr  of  laminate 

£r-resin:  frof  matrix  resin 

V-resin  :  Volume  ratio  of  matrix  resin 

tr  -ref.  :  £.rof  reinforcement  material 

V-ref.  :  Volume  ratio  of  reinforcement  material 

In  graph  1  some  calculation  results  and  actual  data  are  plotted.  The  graph  shows  that  a  dielectric  con¬ 
stant  around  2.8  would  be  obtained  with  50  vol%  PTFE  as  a  reinforcement  material.  50  vol%  of 
reinforcement  material  is  the  same  as  that  of  typical  epoxy/fibre  glass.  Therefore,  we  concluded  that 
50  vol%  of  PTFE  would  not  damage  the  prepreg*s  processability  in  multi-lamination. 


Graph  I 


V-resin  (%) 


We  selected  polyimide  as  the  matrix  resin  in  order  to  attain  good  thermal  properties.  The  key  issues  in 
this  case  are  affinity  adn  adhesion  between  the  PTFE  fibre  and  the  matrix  resin. ^  PTFE  has  almost  no 
adhesion  with  other  materials,  so  some  surface  treatment  is  necessary  for  adhesiion  improvement. 

Although  various  chemical  treatments  have  been  used  for  PTFE,  we  adopted  plasma  treatment  which  we  think 
is  suitable  for  continuous  treatment  of  fibre-cloth.  In  addition,  multi-filament  yarn  is  applied  in 
order  to  achieve  good  adhesion  by  increasing  the  surface  area  of  PTFE  cloth. 
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EXPERIMENTAL 


We  have  performed  an  experiment  through  prepreg  to  muUi-PCB  evaluating  t^e  toUoving  properties. 

I.  Prepreg 

r  mul t i-f i y*rn 

Preprega  were  arranged  by  usual  treatment.  PTFE  varnish.  In  this 

to  a  thickness  of  60-100  m  and  was  t">P>-egnated  by  an  originally  d  I  i.^Hy  without  surtace 

step  we  observed  how  the  polyimide  reacted  with  the  PTFE  clot  •  '  available, 

treatment,  could  not  go  through  to  the  next  step  because  good  prepregs  w.  . 

II.  Laminate 

copper  claJ  laminate. 

Prepregs  were  laminated  in  a  typical  platen  JtS 

Here  we  evaluated  dielectric  properties,  solderabil ity  and  bond  strength 

III. Multi-PCB  ^ 

'  ,  .  av « 1  ii/it  .  pimonsion.li  stabil" 

Multi-lamination  behavior  and  processability  in  drilling  P  ‘ ion  as  shown  in  Fig.  2. 

ity  was  measured  separately  by  fabricating  a  test  specimen  with  a  constru..i. 

Fig.  2 


Copper  foil 
Polyimlde/PTFE  cloth 

Core  material 

(Polyimide/f ibre  glass:  O.lnrr.:^ 

Polyimide/PTFE  cloth 
Copper  foil 


Result  and  Discussions 
I.  Prepreg  and  Laminate 
Table  2 

Items 

★Characters  of  cloth 
Thickness 
Type  of  yarn 
Surface  treatment 


Experiment 

#2 


100 

Multi-filament 

None 


-ditto-  -ditto 

Plasma  Plasm 


r.^ntroKPolyj-W'iigi.^ 


100 

-ditto- 


Plasma  Silane  couplinS  agent 


★Prepreg  property 

Resin  immersion  to  cloth 
Resin  amount  (vol%) 


★Laminate 

Dielectric  constant 
Dissipation  factor 
Solderability 
Bond  strength  (kg/cm) 


A. 6 
0.020 
Excellent 
1.2 


(1)  PTFE  showed  no  affinity  to  polyimide  in  treatment  process.  ^""drops''.  (Experiment  #1) 

cloth  at  all  and  was  left  on  the  surface  of  the  cloth  in  a  shape  of  ram  P 

(2)  Plasma  treatment  enhanced  the  affinity  between  PTFE 
significant  data  in  laminate  properties  from  plasma  treated  PTFE.  I 

Cn  wa  evalu— 

(3)  When  applied  to  multi-layer  PCB,  thin  prepregs 

ated  Multi-PCB  properties  only  in  60  m  thickness  PTFE  cloth.  ) 


II.  Multi-layer  PCB 


Table  3 


Items 

Behavior  in  laminating  process 
Dimensional  change  of  core  material(%) 

Processability  in  drilling  &  plating 
Expansion  in  Z-axis  (RT  260®C  / 

n^i 


Polyimide/PTFE  cloth 
Good 

X  -0.020 
Y  -0.025 
Good 
5 


Polyimide/E  glass^ 

Good 

X  0.024 
Y  -0.025 
Good 

2  -  3 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 


#3  prepregs  showed  good  resin  filling  into  openings  of  signal  and  power/ground  copper  circuits. 
Dimensional  change  of  core  materials  is  affected  by  prepreg  properties  next  to  chem.  PTFE  prepreg 
showed  better  isotropic  character  than  conventional  glass  prepreg.  The  result  seems  to  be  that  PTFE 
cloth  gives  less  stress  to  the  core  material  than  glass  cloth  does  because  of  its  low  modulus. 

Photo  1  shows  good  processability  of  PTFE  as  same  as  common  FR-4  in  drilling  and  plating. 

Although  PTFE  cloth  shows  twice  the  expansion  in  Z-axis  as  FR.4,  stress  in  the  plated  through-hole  is 
con-sLdered  smaller  than  that  of  FR-4  because  of  its  low  modulus. 

From  these  results  we  can  recommend  the  application  of  PTFE  prepreg  for  computer  substrate  as  shown 
in  Fig.  3. 

Multi-layer  construction  of  Fig.  3  is  easily  laminated  and  processed  through  conventional  multi-PCB 
process. 


FiK>  3 


Layer 


Pad 

vW  ,  ' 

r  Signal 

1 

Ground 

'  Power 

Ground 

Signal 

Pad 

Polyimlde/PTFE  cloth 

(e  r=  2.8) 


-  Polyimide/Fibre  glass 

(£  r=  4.6) 

CONCLUSION 


Photo  1 


^ —  plated 
copper 


matrix 

resin 


PTFE 

cloth 


(1)  We  developed  a  new  prepreg  from  polyimide  resin  and  PTFE  cloth  which  shows  low  dielectric  constant 


(2)  This  prepreg  is  easily  processed  into  multi-PCB  with  conventional  methods  and  equipments. 

(3)  Multi-PCB  from  this  prepreg  will  bring  high  performance  as  substrates  for  high  speed  computers 
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ABSTRACT 


A  new  laminating  resin  system  by  using 
polymer  alloy  technologies  was  investigated  to 
meet  increasing  demands  on  high  density  of  the 
printed  wiring  boards. 

Basic  approach  was  carried  out  on 
thermoplastic  and  thermosetting  polymer  alloy 
systems.  Two  kinds  of  combinations  of  linear, 
phenoxy  resin  and  thermosetting  epoxy  resins 
were  employed  and  characterized  to  get 
synergetic  qualities  of  the  resin  systems.  By 
the  similar  structural  combination,  better 
mechanical  properties  were  achieved  when  the 
content  of  phenoxy  resin  was  not  above  30%.  No 


INTRODUCTION 


The  blooming  growth  of  the  electronics 
industry  has  led  to  increasing  demands  for 
printed  wiring  boards  with  higher  density,  and 
upgraded  performance.  This  move  towards  printed 
wiring  boards  has  accelerated  to  increase  the 
need  for  materials  offering  better  dimensional 
stability  and  higher  heat  resistance  over 
conventional  brominated  epoxy  resins,  which  have 
been  preferably  used  much  higher  in  volume  than 
other  thermosetting  resins. 

We  have  studied  the  heat  resistant  multi¬ 
functional  epoxy  resins  for  wiring  board 
materials  in  order  to  meet  these  requirements. 
They  exhibit  high  glass  transition  temperature 
with  low  thermal  expansion  coefficient.  It  is 
however  known  that  they  are  too  brittle  for 
wiring  board  materials.  It  is  therefore 
important  to  get  improved  mechanical  properties 
without  sacrifice  of  good  thermal  properties. 
For  this  purpose,  we  have  taken  note  of  the 
polymer  alloy  combination  which  consists  of 
thermosetting  heat  resistant  epoxy  resins  and 
linear  polymer. 

In  this  paper,  basic  approach  was  carried  out 
on  two  kinds  of  combinations  by  linear ,  phenoxy 
resin  and  thermosetting  epoxy  resins. 

Mechanical  and  morphological  properties  were 
discussed  in  order  to  get  synergetic  qualities 
of  the  resin  systems. 


EXPERIMENTAL 


Materials 

Samples  of  polymer  alloy  systems  were 


phase  separation  was  observed  in  this  region. 
The  results  of  gel  fraction  and  crosslinking 
density  of  the  systems  support  the  speculation 
that  the  linear  chains  of  phenoxy  resin  are 
interpenetrated  into  the  network  chains  of  the 
epoxy  resin.  Another  combination  of  heat 
resistant  epoxy  resin  and  phenoxy  resin  had  a 
tendency  to  decrease  the  content  of  phenoxy 
resin  for  getting  homogeneous  structure. 
Adequate  content  of  phenoxy  resin  in  heat 
resistant  epoxy  resin  was  decided  to  get  better 
mechanical  properties. 


prepared  from  two  kinds  of  epoxy  resins  and 
curing  agents  with  phenoxy  resin  (  PKHH  from 
Union  Carbide  Corp.).  The  resins  were  obtained 
commercially. 

We  prepared  the  resin  compositions  as 
follows: 

(1)  Bisphenol-A  type  epoxy  resin  (Epikote  828) 

t  p,p’ -diamino  diphenyl  methane  (DDM)  and 
various  contents  of  phenoxy  resin. 

(2)  Multi-functional  epoxy  resin,  phenol  resin 

and  various  contents  of  phenoxy  resin. 


For  the  preparation  of  polymer  alloys,  methyl 
ethyl  ketone  was  adopted  as  a  solvent  which 
adjusted  the  viscosity  of  resin  formulation. 
These  blends,  known  as  varnishes,  impregnated 
in  woven  glass  cloth.  The  solvents  in  the  cloth 
impregnated  by  the  varnishes  were  completely 
evaporated  in  a  treater.  The  prepreg  obtained 
was  vacuum-pressed  at  180*C  for  90min.  And  the 
resin  removed  from  the  cloth  was  also  vacuum- 
pressed  under  the  same  condition  as  the  prepreg. 
Thus  we  obtained  the  samples. 


Characterization 

The  conversion  of  the  epoxy  group  was 
determined  by  the  method  of  Simazaki(1)}  a 
solution  made  up  of  0.2N  pyridine-hydrochloride, 
isopropyl  alcohol  and  distilled  water  in  the 
ratio  of  2:2:1  were  refluxed  over  the  sample 
chips  for  4h  and  then  the  swollen  samples  were 
titrated  with  0.5N  sodium  hydroxide. 

Gel  measurement  was  carried  out  by  using 
tetrahydrofuran  as  a  solvent  in  a  manner  similar 
to  Kenyon  and  Nielsen  (2).  The  samples  were  kept 
in  the  solution  for  3  weeks  at  room  temperature. 
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changing  the  solvent  every  4  days.  And  then  the 
samples  were  dried  under  vacuum  condition  at  80t 
until  the  weights  of  the  samples  were  saturated. 
Gel  content  of  the  samples  was  estimated  by 
comparing  the  initial  weight  with  the  gel 
weight. 

Dynamic  mechanical  properties  were  measured 
with  a  torsion  pendulum  (RD-1100AD  Rhesca 
Co., Ltd.)  in  free  vibration  at  less  than  3-OHz 
frequency  at  temperature  ranged  -130®C  to  250“C. 

Some  initial  observations  on  fractured 
surface  of  specimens  were  carried  out  with  a 
scanning  electron  microscope  (JEOL  JDM~T20). 

Mechanical  analysis  was  carried  out  by  using 
high  impact  tester  (RIT-8000,  Rheometrics 
Co,. Ltd.)  and  tensile  shear  tester  (Autograph 
IS-5000,Shimadzu  Co,. Ltd.). 


RESULTS  AND  DISCUSSION 


Bisphenol-A  type  epoxy  resin  alloy  systems 

Bisphenol-A  type  epoxy  resins  with  various 
ratios  of  phenoxy  resin  employed  are  shown  in 
Table  1. 

The  conversions  of  epoxy  groups  and  the  gel 
contents  of  the  cured  epoxy  resin  are  also 
listed  in  Table  1 .  In  spite  of  the  content  of 
phenoxy  resin,  the  conversions  of  epoxy  groups 
are  more  than  97%.  Gel  extraction  experiment 
results  in  97%  for  the  cured  epoxy  resin  (Sample 
B-P-O)  and  decreases  gradually  with  increasing 
the  content  of  phenoxy  resin.  When  the  content 
of  phenoxy  resin  is  subtracted  to  measure  the 
gel  content  as  phenoxy  resin  being  soluble  in 
tetrahydrofuran  solvent,  more  than  100%  gel 
contents  are  observed  (Sample  B-P-20,  B~P-30,  B- 
P-40).  From  this  result,  it  is  expected  that  the 
linear  chains  of  phenoxy  resin  are  chemically 
linked  to  the  network  chains  of  epoxy  resin 
and/or  long  chains  of  phenoxy  resin  become 
unextracted,  because  of  the  entanglement  with 
the  epoxy  resin  networks. 


Tablel .  Content  of  phenoxy  resin  in  epoxy  resin 
and  some  network  properties 
(System:  Bisphenol-A  type  epoxy  resin) 


Symbol 

Phenoxy  resin 
content  (Vo  17,) 

Conversion  of  epoxy 
group  {7o) 

Gel  content 
(7,) 

B-P-0 

0 

98 

97 

B-P-10 

1  0 

98 

99 

B-p-20 

20 

.97 

105 

6- P-30 

30 

99 

109 

B-P-AO 

40 

99 

no 

Figure  1  shows  the  dynamic  mechanical 
properties  of  the  bisphenol-A  type  epoxy  resin 
systems  cured  with  DDM.  Since  the  measurement 
was  carried  out  by  using  a  torsion  pendulum  in 
free  vibration,  the  temperature  at  which  shear 
modulus  reduces  markedly  or  at  which  tanF 
becomes  maximum  is  expected  to  be  approximately 
equal  to  the  glass  transition  temperature  (Tg). 
All  cured  systems  indicate  low-temperature 
relaxation  peaks  around  -60‘'C  (3-6).  The  cured 
epoxy  resin  with  no  phenoxy  resin  shows  Tg  at 
17[3°C.  The  systems  with  phenoxy  resin  less  than 
20%  (Sample  B-P-0,B-P^10  and  B-P-20)  show  broad 


tan  ^  peaks.  And  the  temperature  of  the  tan^ 
peak  decreases  with  increasing  the  content  of 
phenoxy  resin.  The  system  with  40%  phenoxy 
resin  (Sample  B-P-40)  shows  two  peaks.  Small 
shoulder  of  tang*  peak  at  about  100®C  is  derived 
from  the  loss  peak  of  phenoxy  resin.  It  can  be 
deduced  from  the  result  that  phase  separation 
between  the  cured  epoxy  resin  and  phenoxy  resin 
occurs  in  this  system  (Sample  B-P-40). 


Fig.l.  Dynamic  mechanical  properties  of  cured  bisphenol-A 
type  epoxy  resins  modified  with  phenoxy  resin. 


In  general,  at  the  temperature  above  Tg,  the 
cured  epoxy  resins  are  highly  crosslinked 
elastomers.  In  principle,  the  crosslinking 
density  (  p  )  can  be  obtained  from  dynamic 
mechanical  data  using  the  theory  of  rubberlike 
elasticity (7)  given  by: 


p  «  =  V  Er’/  3RT 


Where  An  is  the  crosslinking  density,  V  is  the 
specific  volume,  R  is  the  gas  constant,  T  is 
the  absolute  temperature,  and  Er  is  the 
equilibrium  modulus.  It  is  also  possible  to 
obtain  the  crosslinking  density  from 
stoichiometrical  equivalent  ratio  of  the 
components.  The  value  of  /®c  can  be  caluculated 
by  using  the  method  of  Katz  and  Tobolsky  (8- 
10).  The  values  of  the  characteristic  parameters 
and  the  crosslinking  densities  obtained  from  two 
methods  are  listed  in  Table  2. 


Table  2.  Values  of  characteristic  parameter  and  crosslinking 
density. (System: Cured  bisphenol-A  type  epoxy  resins' 


Clond  moi  ] 

En’Idyn/cm^ 

n9t40*CI 

2 

Cfmcile/cm*l 

Pf  tmofe/tm ) 
tZXC] 

4. 

B-P-0 

175 

440  X  10* 

4  15  X  to*’ 

2 

1.28x10** 

256  X  10** 

1.44 

B-P-10 

167 

359  X  to* 

3.00  X  10’* 

2 

1. 1  5  X  10** 

230  xtO*^ 

1.56 

B-P-20 

160 

351  X  to* 

2.96  X  i0‘* 

2 

I  02x10’* 

204  X  1 0  *’ 

t.72 

B-P-30 

156 

2.95  X  1 0  * 

2.52  *  10’* 

2 

8.95x10"* 

t.79  xIO'* 

t.65 

B-P-60 

154 

Z75  X  10* 

236xi0'» 

2 

7.67  XI O-* 

1.53  xfO*» 

1.80 

En , equilibrium  dynamcmoAjkjSOfTg+^O'C  ,  ^in,£i/3RTtT»Tg+40*C) '2  tximberol  network 
formed  from  one  rrolecule  of  crosslink  agent ,  C.mole  nonoer  of  aosslink  ogenf  inirti  «lume  , 
.  2  *c  ,  <^0  oppcrent  front  foctor 
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c  :*  nk  j i  '  i  <■  ;=  v'Maiin'.'i  fr.*:  1w' 


in(*tho(jv^  ar<.‘  plct'^’d  a^riiri.'*  ll;**  ^aaitoat  of 
phonoxy  rorhi  iihowTi  in  It.  i  r.  j'.  t.f'd 

t.hn t  tho  c ro s r> link  i n d n s i  t y  d c la \'i r> o ?  w i  t.h 
increasing  t!io  cont.ont.  ot’  phenoxy  resin.  Tiie 
ratio  of  f'-n^/Tc  namely,  <pa  increases  with 
the  increase  of  ph(?noxy  rositi  up  to  20%.  The 
increase  of  suggests  that  the  rrr’ locular 

chains  of  phonoxy  resin  react  and/or  entangle 
with  the  network  of  the  molecular  chains  of  the 
bisphenol-A  type  epoxy  rosin. 


Fig. 2.  Change  of  apparent  front  factor  for  cured  bisphenol-A 
type  epoxy  resins  modified  with  phenoxy  resin. 


.■y.  *-Ti;'.  i Opr.  1  ■.)f  tlie  mechanical 

1 '■  i"-'  a''hi(vcd  in  homogcncou.a 

region.  Ar.d  thf'  dt,'croasf?  of  mechanical 
prv'por  I  i  ^‘S  is.  happened  when  phase  separation 
otM’urs . 


Content  of  Phenoxy  resin  (Vol7J 

Fig. 4.  Mechanical  impact  properties  of  cured  biaphcnol-A 
type  epoxy  resins  medified  with  nhenoxy  resin. 

(  Prove  diameter ,  Hol-ier  dinme*  er ,  3  .flmn ; 

Sample  thickness , 2ac ;  Impact  speed, Jo/s;  n»3) 


With  the  objective  of  obtaining  information 
oh  the  morphological  structures,  scanning 
electron  micrographs  of  the  fractured  surface  of 
the  systems  are  taken. 

Figure  3  shows  the  micrographs  of  the 
fractured  surfaces  of  sample  B-P-20  and  sample 
B-P-40.  Relatively  smooth  fractured  surface  is 
seen  for  the  sample  B-P-20.  On  the  other  hand, 
some  protrusions  or  particles  of  about  lOum  in 
diameter  are  seen  for  the  sample  B-P-40.  From 
these  micrographs,  it  is  concluded  that 
bisphenol-A  type  epoxy  resin  and  phenoxy  resin 
are  miscible  each  other  in  the  region  of  less 
than  20%  content  of  phenoxy  resin.  In  this 
region,  it  is  deduced  that  the  linear  phenoxy 
resin  is  interpenetrated  and  entangled  in  the 
network  of  epoxy  resins  (semi-IPN).  This 
speculation  of  the  network  structure  is 
supported  by  the  results  of  gel  fraction 
experiment  and  the  measurement  of  crosslinking 
density. 


Fig. 3.  Scanning  electron  micrographs  of  fractured  surface 
of  cured  bisphenol-A  type  epoxy  resins  with  201 
and  40/t  of  phenoxy  resins  respectively. 


Figure  4  shows  the  mechanical  impact 
properties  of  cured  epoxy  resins.  It  is  obvious 
from  the  Fig. 4  that  force  and  breakdown 
energy  increase  with  increasing  the  content  of 
phenoxy  resin  up  to  30%  and  then  decrease.  Data 
of  displacement  or  elongation  also  exhibit  a 
peak  at  about  30%.  This  phenomenon  Is  explained 
by  considftring  the  morph^-logi  ca  1  change'  of  the 


Multi-functional  epoxy  resin  alloy  systems 

The  heat  resistant  polymer  alloy  networks 
were  prepared  from  various  contents  of  phenoxy 
resin  and  multi-functional  epoxy  resins  cured 
with  phenol  resin. 


Table  3.  Content  of  phenoxy  resin  in  epoxy  resin 
and  some  network  properties. 

{System;  Multi-functional  epoxy  resin) 


Symbol 

Phenoxy  resin 
content  (Vol*/.) 

Conversion  of  epoxy 
group  (•/.) 

Gel  content 
CM 

M-P-0 

0 

97 

98 

M-P-3 

3 

99 

98 

M.p-6 

6 

99 

100 

M-p-8 

8 

98 

lOt 

M-P-14 

14 

97 

103 

M-P-30 

30 

99 

1  04 

Table  3  shows  the  conversion  of  epoxy  group 
and  gel  content  of  cured  resins.  The  conversion 
of  epoxy  group  and  gel  content  show  the  similar 
tendency  as  bisphenol-A  type  epoxy  resin 
systems.  In  this  system,  it  is  also  expected 
that  the  linear  chains  of  phenoxy  resin  is 
chemically  linked  and/or  entangled  with  the 
network  chains  of  epoxy  resin,  although  the 
values  of  gel  content  is  not  large  enough 
compared  with  bisphencl-A  type  epoxy  resin 
system. 

The  result  of  the  dynamic  mechanical 
properties  for  cured  multi-functional  epoxy 
resin  shows  high  glass  transition  temperature  at 
220^0.  And  for  the  systems  containing  phenoxy 
resin  more  than  8%,  the  tanf  peaks  around  100% 
were  clearly  obr.ervod. 

In  Fjg.5  »  relaxation  strength  around  lOO^C 
was  plotted  against  the  content  of  phenoxy 
resin.  Tie;  re  1  taxation  peak  is  attributed  to  the 
motion  of  main  chains  of  phenoxy  resin. 
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Content  of  Phenoxy  resin  (Vor/o) 

Fig. 5. ot -Relaxation  strength  of  phenoxy  resin  for 
multi-functional  epoxy  resin  systena. 

The  scanning  electron  micrographs  of  the 
fractured  surfaces  of  the  cured  multi-functional 
epoxy  resin  containing  phenoxy  resin  (Sample  M- 
P-6  and  M-P-I4)  are  shown  in  Fig. 6.  Phase 
separation  between  two  resins  is  not  observed 
in  the  sample  M-P-6,  while  in  14%  phenoxy  resin 
system  (Sample  M-P-I4)  phase  separation  is 
observed.  The  particle  is  about  4um  in  diameter. 
Though  the  number  of  particles  of  phenoxy  resin 
increases,  each  particle  size  does  not  change  in 
the  region  above  14%  of  the  phenoxy  resin 
content.  These  results  on  phase  separation 
phenomena  mean  that  phenoxy  resin  is  more 
miscible  in  bisphenol-A  type  epoxy  resin  than  in 
multi-functional  epoxy  resin  used  here. 

On  the  base  of  the  results  on  the  bisphenol-A 
type  epoxy  resin  systems,  the  cured  multi¬ 
functional  epoxy  resin  systems  with  the  phenoxy 
resin  content  less  than  6%  are  also  expected  to 
have  semi-IPN  structure  with  improved  mechanical 
properties. 


the  content  of  phenoxy  resin.  The  tensile  shear 
strength  increases  gradually  until  the  content 
of  phenoxy  resin  reaches  about  10%  and  then 
saturates.  In  this  combination,  it  is  concluded 
that  around  10%  of  phenoxy  resin  content  is  a 
point  to  take  into  consideration  for  getting 
base  resin  systems  for  PWBs. 


CONCLUSION 


Polymer  alloy  systems  were  studied  to  prepare 
new  types  of  laminating  resins  for  PWBs.  Two 
kinds  of  polymer  combinations  were  employed  and 
characterized. 

As  a  result,  we  reached  the  following 
conclusions. 

(1)  The  similar  structural  combination  of 

linear,  phenoxy  resin  and  thermosetting 
epoxy  resin  shows  better  mechanical 
properties  when  the  content  of  the  linear 
polymer  is  not  above  30%.  In  this  region 
of  the  alloy  system,  it  is  suggested  that 
semi-interpenetrating  polymer  network 
structure  be  formed. 

(2)  Combination  of  heat  resistant  epoxy  resin 

and  phenoxy  resin  has  a  tendency  to 
decrease  the  content  of  phenoxy  resin  for 
getting  homogeneous  structure. 

(3)  The  experimental  results  of  the  polymer 

alloys  can  be  applicable  to  preparing  a  new 
type  of  heat  resistant  epoxy  resin  systems 
for  PWBs. 
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ABSTRACT 

Th.  c«p-on-,l...  ,C00,  »chr,l,u.  !•  y.t 

reliability  has  been  confirmed.  o  examine  rpliabilitv  is  affected  by  different  types  of  glass 

Uguid  crystal  Display  (LCD,  bL'cc^  of^  flip-chip. 

substrates  and  sealing  resins  by  using  63%S  reduced  even  when  using  63%Sn-Pb  solder  bump 

|  ~  ^ 

resin  material . 

INTRODUCTION  ^  ^  „  4.ur, 

LCD  panels  and  driving  LSIs  have  been  connected  by  using  such  chip-on-board  (COB  tec  niques  a 
wire-bonding  (WB)  and  the  tape-automated-bonding  (TAB)  method.  capability,  (2)  high-density  multi- 

in  view  of  the  increasing  demands  for  (1  giv;n  to  tL  chip-on-glass 

pin  connection,  and  (3)  lower  product  cos  s,  rlv  on  indium-tin-oxide  (ITO)  film  on  the  LCD 

technique  using  flip-chips  on  which  LSIs  are  moun  Deduct  though  not  extensively.  At  the  same 

^re!'  thfleulSira^-e^  rp-^n-^rtrcLS^^a;  not  y^et  been  adequately  proven,  as 

compared  to  the  conventional  can  be  improved  by  using  a  5%Sn-Pb  solder 


resistance 
we  also  s 


limited  extent  in  actual  production,  while  5%Sn-Pb 
300°C.  Thus,  there  is  anxiety  among  researchers 
lubstpate  (=  LCD  panel)  may  be  adversely  affected, 
lity  of  chip-on-glass  structures  when  the  63%Sn-Pb 
■  is  molten  at  a  low  temperature.  Because  these 
.  most  appropriate  glass  substrate  material  with  ITO 
>  and  the  shear  strength  are  used  as  the  evaluation 
studied  mechanisms  to  improve  reliability  from  a 


special  manufacturing  process.  rr,  a  limited  extent  in  actual  production,  while  5%Sn-Pb 

However,  this  height  can  only  be  adjusted  to  a  limited  extent  in^^^^  researchers 

solder  must  be  melted  at  high  temperatures  excee  ^cd  panel)  may  be  adversely  affected, 

that  the  reliability  of  such  components  as  the  chip-on-glass  structures  when  the  63%Sn-Pb 

This  paper  discusses  how  we  evaluated  the  re  la  i  temperature.  Because  these 

solder  is  used  for  the  bump  contacts  and  appropriate  glass  substrate  material  with  ITO 

factors  directly  affect  reliability,  we  se  ^  ^  shear  strength  are  used  as  the  evaluation 

theoretical  standpoint. 

MATERIALS  AND  METHODS 

1)  Specimens  for  COG  technique  Qpction  of  a  glass  substrate  specimen 

Figure  1  shows  the  schematic  drawing  (see  a))  ,  o.3t  (mm,)  has  bump 

(bonded  to  a  silicon  chip)  facing  downward  (se  (  )  .  ,  ■  ,  neriphery.  The  electrodes  next  to  the 

contacts  consisting  of  63%Sn-Pb  solder  ®  There  are  75  bump  electrodes, 

bump  contacts  are  shorted  using  A1  pattern  wiring  to  be  aligned  in  a 

2)  Evaluating  Reliability  Through  Thermal-Shock  Tests  environmental  resistance.  The 

We  evaluated  reliability  through  thermal  "  „  3  hr. /cycle  or  (B)  80'C/-40°C,1  hr. /cycle, 

conditions  for  those  thermal-shock  tests  were:  rritLia  The  resistance  value  refers  to  the 

Changes  in  resistance  values  were  used  as  the  .  ^Firrou^h  ir  pads!  In  this  way,  any  failure 

value  when  the  chip  and  substrate  pads  are  aligned  in  jj-  ^he  resistance  value  becomes 

xn  part  of  the  connecting  area  will  cause  a  change  in  resistance. 

Lbles  the  initial  value,  it  is  considered  a  rejected  value  (failure,. 

3)  Theoretical  Analysis  f ;  ^-i  ont  c;  nr  lonaitudinal  elastic  constants 

When  connecting  materials  whose  thorma  expansion  c  fneturos  to  occur  where  maximum  stress 

were  different,  we  found  that  such  differences  a  finite  element  method 

was  measured.  For  the  structures  (in  the  solder  bump  contacts)  that  occurred  due  to 

(FEM)  model  to  analyze  the  thermal  stress  dis  ri  i  ^oro)  and  -40°C  (lowest  temperature  usc'd 

change  between  room  temperature  (where  strain  was  assumed  to  be  ze.o) 

in  the  therma 1 -shock  tests). 
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KXPERiMl-NT:; 

1)  ;3('loctinq  a  Glass  Substrate  Material 

In  convent ii.'iial  COB  technique  we  know  that  reliability  is  greatly  affected  by  the  difference  in 
thermal  exjMnsion  cot?f f icients  between  the  chip  and  substrate.  To  verify  this  fact,  we  used  barium- 
borosilicate  glass  (  =4,6  x  10"^  /®C),  which  is  commonly  used  for  LCD  panels,  and  inexpensive  soda-lime 

glass  (  =9.0  x  10 ^  /°C)  that  is  commercially  available.  We  compared  the  differences  in  their  resistance 

and  connecting  strength  (actual  shear  strength)  values  during  100-cycle  thermal-shock  tests  (with  the 
condition  A ) . 

2)  Adhesion  strength 

Imperfect  adhesion  between  the  glass  and  the  film  causes  some  local  failures  such  as  cracks  and  film 
lift  at  the  early  stage  of  the  cyclic  thermal-shock  test.  Therefore  the  adhesion  strength  between  the 
glass  and  the  film  was  measured  and  evaluated  with  the  peel  test. 

3)  Sealing  Resin  Material 

In  COB  technology,  sealing  a  bare  chip  with  a  sealing  resin  is  an  essentially  basic  technique  used 
to  improve  reliability.  This  is  because  the  service  life  of  a  sealed  chip  is  not  always  longer  than  that 
of  a  bare  chip.  In  consideration  of  this  point,  we  evaluated  how  reliability  was  improved  by  using  four 
types  of  resins  (see  Table  1)  selected  in  view  of  the  desired  specifications.  We  made  our  evaluation 
based  on  how  resistance  values  varied  according  to  the  number  of  thermal-shock  test  cycles  (condition  B). 

RESULTS  AND  DISCUSSION 

1)  Thermal-Shock  Tests  on  Substrates  with  Different  Thermal  Expansion  Coefficients 

Two  types  of  substrates  were  evaluated  in  the  bare-chip  state.  Figure  2  shows  the  evaluation 
results.  By  using  the  cumulative  failure  rates  for  comparison  purposes,  a  zero  failure  rate  in  100 
cycles  was  obtained  in  barium-borosilicate  glass  having  a  low  thermal  expansion  coefficient,  while  100 
cycles  were  not  possible  in  soda-lime  glass  having  a  high  thermal  expansion  coefficient. 

Comparing  changes  in  the  average  shear  strength  before  and  after  the  thermal-shock  tests,  we 
discovered  the  shear  strength  was  about  triple  in  the  soda-lime  glass  substrate  than  in  the  barium- 
borosilicate  glass,  although  there  was  a  decrease  in  strength  in  both  substrates.  The  results  indicate 
that  reliability  may  be  improved  by  using  a  substrate  with  a  low  thermal  expansion  coefficient, 
especially  when  the  thermal  expansion  coefficient  of  the  substrate  is  close  to  that  of  the  silicon  chip. 
Barium-borosilicate  glass  was  used  in  the  following  tests  to  evaluate  reliability. 

2)  Effect  of  initial  adhesion  strength 

We  thought  that  a  initial  failure  was  caused  by  lower  actual  adhesion  strength  than  design  value 
between  films  and  substrate,  or  by  larger  warp  of  substrate.  Thus,  we  measured  adhesion  strength. 

Figure  3  shows  the  measurement  results.  As  the  figure  indicates,  the  adhesion  strength  of  each  point 
of  substrate  widely  distributed  from  specified  strength. 

It  is  necessary  for  the  bump  connections  to  reinforce  structure  with  a  resin.  Because  adhesion 
strength  between  films  and  the  glass  was  not  enough  to  unify,  and  adhesion  strength  between  solder 
bumps  and  the  glass  substrate  decreased  by  thermal-shock,  cycles  (as  shown  in  Figure  2). 

3)  Thermal-Shock  Tests  on  Sealing  Resin  Specimens  with  Different  Characteristics 

We  evaluated  by  thermal-shock  tests  on  four  types  of  coating  resins  having  different  thermal 
expansion  coefficients  and  longitudinal  elastic  constants.  Figure  4  shows  the  test  results  (using  bare 
chip  reliability  as  the  comparison  criteria). 

The  results  show  that  the  sealing  process  can  prolong  interconnecting  life  from  the  approximate  300 
cycles  obtained  by  unsealed  bare  chips.  For  the  epoxy-resin  coating  shown  in  the  figure,  failure  begins 
to  occur  at  about  300  cycles  (although  reliability  is  still  higher  than  that  of  the  bare  chips).  We  also 
found  that  by  lowering  the  thermal  expansion  coefficient  by  adding  a  filler,  we  could  surpass  500  cycles. 
And  also  the  case  when  using  a  silicon  resin  whose  thermal  expansion  coefficient  was  one  digit  higher 
than  that  of  epoxy  resin  (provided  that  the  silicone  resin  is  soft  and  in  fluid-gel  state). 

Consequently,  it  appears  possible  to  improve  reliability  by  minimizing  the  difference  ( Aa  )  between 
thermal  expansion  coefficients  of  the  coating  resin  and  solder,  or  by  using  a  fluid  coating  resin  having 
a  small  longitudinal  elastic  constant.  We  think  that  a  rubber  silicon  did  not  have  coldproof  (at  -40°C) 
,and  for  that  reason  it  caused  the  failure, 

4)  Theoretical  Analysis 

The  failure  of  resin-inserted  flip-chip  may  be  primarily  caused  by  a  crack  forming  near  the  interface 
between  the  bump  contacts  and  glass  substrate,  and  extending  into  the  glass  from  the  outside  toward  the 
inside.  And  resin  stress  is  sheared  off  the  glass  near  chip-edge.  We  noticed  that  cracks  initially  form 
on  the  substrate,  then  move  directly  from  the  periphery  of  the  chip  toward  the  center  of  the  chip. 
Therefore,  such  cracking  appears  to  be  caused  by  differences  in  the  thermal  contraction  force  that  occurs 
from  the  heating  cycle  toward  the  cooling  cycle  of  the  thermal-shock  tests,  (see  Figure  5  (a)) 

Note  that  in  the  FEM  analysis  results,  shown  in  Figure  5  (b),  the  maximum  stress  also  occurs  at  the 
same  position. 


CONCLUSION 

We  reached  the  following  conclusions  regarding  a  COG  structure: 

(1)  A  glass  substrate  with  a  thermal  expansion  coefficient  approximating  that  of  the  chip  must  be 
selected. 

(2)  To  ensure  reliability,  the  initial  adhesion  strength  between  films  and  the  glass  must  be  increase, 
and  its  strength  should  not  disperse. 

(3)  A  sealing  resin  having  a  low  thermal  expansion  coefficient  or  a  low  longitudinal  elastic  constant 
must  be  selected  according  to  intended  application, 

(4)  Failure  point  of  the  experimental  sample  sealed  resin  was  coincident  with  the  maximum  stress  point 
revealed  through  FEM  analysis. 
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Table  2  Phisical  constants  for  analysis 


\ 

Thermal 

Expansion 

Coefficient 

a[xia^/°c] 

Longitudinal 
Elastic 
Constant  ’ 
E[kgf/mm^ ] 

Poisson 

Ratio 

V 

Si  chip 

2.4 

17000 

0.066 

Solder 

24.5 

1550 

0.4 

Glass 

4.6 

6900 

0.28 

Resin  A 

60 

250 

0.076 
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(b)  Thermal  stress  distribution 


Fig. 5  Relationship  between  experimental 
result  and  FEM  analysis 
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Abstracts 


Among  optical  pattern  inspection  methods  for  PWB’s  (Printed  Wiring  Boards),  a  feature  extraction 
method  achieves  higher  throughput  than  a  design  data  comparison  method.  On  the  other  hand,  it  can  not 
avoid  false  alarms  completely.  This  paper  proposes  an  "Error  Code  Chain"  method  to  reduce  these  false 
alarms. 

A  hierarchical  defect  analysis  technique  is  employed  combining  the  feature  extraction  method  and  the 
Error  Code  Chain  method.  It  discriminates  between  fatal  defects  and  false  alarms  taking  global  features 
into  account. 

This  method  has  been  applied  to  the  Pattern  Inspection  (PI)  system[l],  and  it  has  performed  both  false 
alarm  reduction  and  video-rate  processing. 

1,  Introduction 


The  feature  extraction  method  is  widely  used  for  optical  pattern  inspection  for  PWB’s,  It  judges 
defects  by  features  extracted  from  local  patterns  using  no  reference  data  for  comparison.  High  processing 
rate  can  be  achieved  by  hardware  implementation. 

Several  feature  extraction  operators  have  been  proposed  as  shown  in  Fig,l[l][2].  Since  each  operator 
extracts  local  features  in  the  window  specified  by  its  size,  global  features  are  often  ignored.  Thus  a 
normal  pattern  can  be  judged  as  a  fatal  defect,  that  is,  a  false  alarm  can  be  occurred.  Fig. 2  shows  some 
ex2imples.  False  alarms  are  often  found  at  round  corners  called  "tear  drops"  or  at  SMD  lands. 

Design  data  comparison  method  has  been  adopted  to  reduce  false  alarms[3].  However  design  data  should 
be  prepared  for  each  board  type,  and  precise  alignment  is  indispensable. 

Global  feature  extraction  is  effective  to  reduce  false  alarms.  Extension  of  operator  size  can  be 
applied  for  that  purpose,  but  it  requires  larger  hardware  size  and  longer  processing  time. 

In  this  paper,  the  "Error  Code  Chain"  method  is  proposed  to  reduce  false  alarms  without  decrease  in 
throughput. 

2.  Goals 


The  Error  Code  Chain  method  is  aimed  at  false  alarm  reduction  with  following  three  features. 

(1)  Hierarchical  analysis 

The  Error  Code  Chain  process  receives  local  features  from  the  feature  extraction  process.  By 
analyzing  a  series  of  local  features,  global  features  can  be  obtained. 

(2)  Pipeline  architecture 

Hierarchical  two  processes  can  be  carried  out  in  pipeline  architecture,  and  video-rate  processing  can 
be  realized. 

(3)  Applicability 

The  generalized  concept  allows  this  method  to  be  applied  to  most  of  feature  extraction  operators  for 
PWB  inspection. 


Operator 

Fatal  Defects 

False  Alarms 

X- 

Operator 

ii 

+  - 

Operator 

^  {h 

Fig.l  Feature  Extraction  Operators  Fig.  2  Fatal  Defects  and  False  Alarms 

In  PI  System 
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3.  M^orittLO? 


Fig. 3  illustrates  the  hierarchical  defect  analysis  with  the  Error  Code  Chain  method.  It  works  as  if  it 
employed  a  large  sized  operator  never  realized  in  conventional  architectures.  Thus,  both  local  patterns 
and  global  patterns  are  taken  into  account  to  reduce  false  alarms. 

Hierarchical  processes  and  its  hardware  configuration  are  as  follows, 

3.1  Feature  Extraction  Process 

In  the  feature  extraction  process,  the  two  dimensional  input  image  is  compressed  to  a  linear  code 
chain.  Scanning  on  a  PWB,  the  operators  calculate  the  features  for  each  pixel.  An  error  code  is  generated 
corresponding  to  the  defect  type  on  the  pixel.  In  our  method,  it  is  regarded  as  a  defect  candidate.  The 
defect  detection  results  in  this  process  may  contain  some  false  alarms  to  catch  all  fatal  defects. 

3.2  Error  Code  Chain  Process 

The  Error  Code  Chain  process  analyzes  a  series  of  the  error  codes  (  error  code  chain  )  generated  by 
the  feature  extraction  process.  Fatal  defects  can  be  recognized  by  matching  them  with  fatal  defect  code 
chains. 

The  error  code  chain  makes  it  possible  to  analyze  global  features  as  well  as  local  features.  Since 
the  error  code  chain  lies  in  a  linear  direction,  matching  operation  can  be  implemented  on  a  simple  hardware 
to  realize  video-rate  processing  easily. 

3.3  Configuration 

Fig. 4  shows  the  hardware  configuration  to  implement  the  Error  Code  Chain  process.  In  a  pipeline 
architecture,  video-rate  processing  is  realized. 

The  Error  Code  Chain  hardware  consists  of  a  shift  register  and  a  fatal  defect  decision  table.  The 
shift  register  receives  error  codes  from  the  feature  extraction  hardware  and  holds  an  error  code  chain. 
This  error  code  chain  is  compared  with  fatal  defect  codes  stored  in  the  table. 


4_^  Application  to  PI  system 
4.1  PI  system 

The  Error  Code  Chain  method  has  been  applied  to  the  PI  system[l].  This  system  employs  ^-operator,  X- 
operator,  and  rectangle  operator  in  the  feature  extraction  process  (Fig.l). 

As  shown  in  Fig. 2,  the  feature  extraction  method  introduced  some  false  alarms  of  fat  line  at 
connectors  to  land,  corners  and  branches  of  line. 

An  error  code  consists  of  defect  candidate  codes  and  online  codes  in  8  directions.  An  online  code 
shows  the  directions  of  continuous  copper  patterns  in  the  window.  Global  features  are  caught  by  analyzing 
online  codes.  For  example,  a  line  in  the  scanning  direction  can  be  found  by  a  series  of  online  codes  in 
horizontal  direction.  A  vertical  line  can  be  found  by  a  series  of  vertical  online  codes. 


4.2  Target  Defect  and  its  Analysis 

A  fat  line  false  alarm  is  one  of  the  most  troublesome  false  alarms  for  the  PI  system.  Fat  line  has 

been  chosen  as  the  target  defect  to  apply  the  Error  Code  Chain  method. 

Fig. 5  illustrates  fat  line  false  alarms  and  fatal  defects.  Each  of  them  is  shown  in  three  cases  of 

line  patterns;  oblique  line,  horizontal  line,  and  vertical  line.  In  every  case,  the  error  code  chain  is 
realized  in  horizontal  direction  (  rectangular  area  in  Fig. 5  ).  When  a  fat  line  code  appears  at  the  center 
in  the  chain,  following  conditions  are  checked  according  to  the  online  codes  at  the  central  pixel, 

(1)  Oblique  online  code 

The  horizontal  online  code  is  used  to  catch  the  global  pattern.  Existence  of  a  bending  line  corner  is 
the  key  to  discriminate  false  alarms.  If  a  horizontal  online  code  is  found  at  either  end,  the  fat  line 


Fig. 4  Configuration  of 

Error  Code  Chain  Method 
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code  is  rejected  as  a  false  alarm  at  a  bending  line  corner.  Otherwise  it  is  judged  for  a  fatal  defect. 

(2)  Horizontal  online  code 

False  alarms  can  be  found  at  a  line  corner,  a  branch,  and  a  connector  to  a  land.  They  are 
discriminated  by  checking  online  codes  at  the  ends  of  the  chain.  If  horizontal  online  code  is  shown  at  the 
both  ends  and  no  vertical  online  code  is  found,  the  line  is  assumed  to  have  a  fat  line  fatal  defect. 
Otherwise  the  fat  line  code  is  rejected  as  a  false  alarm. 

(3)  Vertical  online  code 

Distribution  of  vertical  online  codes  is  examined  to  reject  fat  line  false  alarms  at  a  bending  line 
corner,  a  branch,  and  a  land.  If  the  length  of  vertical  online  codes  matches  to  the  width  of  fat  line, 
the  fat  code  shows  a  fatal  defect.  Otherwise  it  is  rejected. 

Thus,  false  alarms  is  discriminated  against  fat  line  fatal  defects. 

4.3  Hardware  Configuration 

Fig. 6  shows  the  hardware  configuration  of  the  Error  Code  Chain  process  applied  to  the  PI  system.  It 
is  composed  of  the  error  code  chain  register  and  two  fatal  defect  decision  tables.  Each  table  is  used  for 
vertical  line  pattern  inspection,  and  horizontal  or  oblique  one.  The  image  in  a  window  is  encoded  to  a 
code  including  fat  line  code  and  online  codes.  It  is  examined  in  the  Error  Code  Chain  process. 

When  a  fat  line  code  appears  at  the  center  of  the  chain,  fatal  defect  analysis  is  made  according  to 
the  line  pattern  direction  in  the  window. 

(1)  Horizontal  or  oblique  line 

Online  codes  on  the  center  and  two  points  on  both  sides  of  the  chain  are  used  for  fatal  defect 
analysis.  The  locations  of  the  two  points  on  both  sides  can  be  changed  according  to  the  design  rule. 

(2)  Vertical  line 

Oblique  online  codes  at  the  center  and  length  of  vertical  online  codes  are  used.  The  length  predicts 
the  width  of  a  vertical  line  pattern  if  the  pixel  is  located  on  it.  The  oblique  online  code  is  used  to 
check  bending  corner  on  a  line  pattern. 

In  both  cases,  the  fatal  defect  decision  condition  is  stored  in  ROM’s.  Their  address  bit  widths  are 
16.  Their  contents  are  programmable  according  to  the  design  rule. 

4.4  Performance 

The  Error  Code  Chain  method  has  been  evaluated  by  simulation  on  a  image  processing  computer  system. 
Following  points  have  been  examined. 

(1)  Fatal  defect  detection  ratio 

(2)  False  alarm  reduction  ratio 

(3)  Reduced  false  alarms  and  remained  ones 
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?Io  the  simulation. 
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Table  l  Fatal  Defect  Detection  Ratio 

and  False  Alarm  Reduction  Ratio 


Pattern 

Fatal  Defect 

Detection  Ratio 

False  Alarm 

Reduction  Ratio 

Vertical  Line 

100%  (66) 

47%  (153) 

Horizontal  I 
Line  j 

100%  (66) 

95%  (160) 

Oblique  Line  j 

100%  (132) 

92%  (72) 

5.  Conclusion 


system.  hLarfVatuVeV^VVtVactVd^from  thV^imVVe"  alarms  for  PWB  pattern  inspection 

The  hierarchical  defect  SysIs  cVnceS  TfL  kVv"r^"f  in  a  linear  chain  to  capture  gloMl  features, 
features  into  account.  ^  reduce  false  alarms  taking  both  local  and  global 

and  false  aTaV?1-e’ducUoT  it  Ss  been  SnVTnsT**  t®  detection  ratio 

defects  and  eliminates  most  of  false  alarms  from  the  that  the  Error  Code  Chain  method  misses  no  fatal 

In  the  future  work  the  Error  -  .  feature  extraction  process, 

as  a  SMD  land.  ’  ^  ^  method  will  be  applied  for  other  kinds  of  false  alarms,  such 
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